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PREFACE 


WHEN investigating problems in the relatively new subject of Agri- 
cultural Science one is often up against the fact that there are few text- 
books giving in any detail an account of knowledge up to date, so that 
while writing an account of an investigation into the physiology of 
reproduction and the development of the udder in the cow it was deter- 
mined to include references to recent literature on the subject. In this 


way it was hoped that the account would be of use in the future to those | 


doing research on this subject and save them time in getting acquainted 
with the literature as well as forming a reference book for advanced 
students and practitioners in Agricultural and Veterinary Science. 

Unfortunately there was some little delay in getting a work of this 
kind with many illustrations published and since the text was written 
in 1922 many papers have been seen which should have been referred 
to; as it was difficult to insert these in the text mention has been made 
of the more important ones in an Addendum. 

My thanks are due to Dr F. H. A. Marshall, F.R.S., who has 
throughout the course of the investigation given me the benefit of his 
advice and wide experience. 

I am also under obligation to the late Mr K. J. J. Mackenzie, Director 
of the University Farm, who put his records and many of his animals at 
my disposal. 

My thanks are also due to Messrs Warrington and Sons for the use 
of their slaughterhouse at all hours of the day and night, and to Mr 
N. Langridge of the University Plant Breeding Farm, for assistance in 
the selection of suitable animals. 

I am indebted also to the Royal Veterinary College for the use of 
‘their Library; to the willing help of my laboratory assistants—S. J. 
Tadman and J. Pike, on whom many of the arduous duties have fallen, 
and to Clement W. Williamson who has taken the photographs for me. 

The experiments were conducted at the Field Laboratories, Milton 
Road, Cambridge. | | 

The expenses of the investigation were largely defrayed by a grant 
from the Ministry of Agriculture and Fisheries who have also provided 
funds to assist in publication. 


J. H. 
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pregnant uterus of a sheep. The inner surfaces of the foetal membranes are exposed; 
the attachments to the cotyledons are distinctly seen and in the lower right-hand 
corner is seen a sac of the foetal membranes containing a large quantity of semi- 
solid uterine secretions : ‘ . A : . ‘ . facing page 186 - 


I 
INTRODUCTION 


THE study of the reproductive processes in the cow was undertaken 
with several practical objectives in view. 

Veterinarians have for some time past been treating cows for sterility 
by various empirical methods, some of which have been quite successful 
at times, but there has been very little work done on the physiology of 
reproduction in the cow to form a basis for the rational treatment of 
such cases. 

A study of the changes occurring during pregnancy was attempted 
in the hope that it would serve as a basis for the study of the pathology 
of the organs in abortion, and that it might also indicate the causes 
which led to the development of the udder and those which may form 
the foundation of the genetic differences between good and poor milking 
COWS. | 

Although artificial insemination has been found useful in mares few 
attempts have been successful in cows, and it was thought that a de- 
tailed study of the reproductive processes in the cow might show the 
cause of failure and lead to extensions of this method of reproduction. 

The experiments were on the whole designed to elucidate problems 
which if solved would do much to assist the farmer in regulating the 
management and feeding of his herd for the production of calves and 
milk. 

From a scientific point of view it was thought that a comparison of 
the processes occurring in the reproductive organs during pregnancy 
with those occurring during the cycle in the same species would throw 
light on the processes involved in the cycle, and enable one to realise 
the significance of these changes. 

The similarity between the reproductive cycles in the cow and in 
woman (the former having a cycle of three weeks and the latter of four 
weeks), which in both cases culminate in the flow of blood from the 
vulva, renders the study of reproduction in the cow particularly inter- 
esting to those engaged in elucidating problems in human reproduction 
and the relation of “heat” in animals to menstruation in women. 

One of the chief difficulties met with, and probably the reason why 
such a study has not been undertaken before, is that the cow is an 
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expensive animal to keep and kill, so that the numbers used for ex- 
perimental purposes must necessarily be limited. For this reason the 
experiments made have been precise detailed studies of a few individuals 
rather than a superficial examination of a large number. The size of the 
reproductive organs is of great advantage in the study of reproduction, 
for observations with the naked eye can be made on the ovaries which 
are not possible in the fresh condition in the mouse or rat, where 
resort has to be made to staining and microscopical examination. 
Measurements and weights can also be made and taken to a degree of 
accuracy which is impossible in a small animal. Moreover, since as a 
rule only one egg is shed at each ovulation, the process of tracing the 
corpus luteum during its history, and of experimenting with it, was 
much easier than if several were shed as in the dog, ferret and rabbit. 

Discussions of the sexual life of the cow and other domestic animals 
have been published by Schmaltz(1) and Kronacher (2) in whose treatises 
many of the problems investigated have been outlined. 


MATERIAL. 


The material on which this study is based falls under two headings: 
(1) experimental animals, (2) organs collected from slaughterhouses. 

(1) The majority of experimental animals used were cross-bred 
Shorthorn Heifers of 2-3 years old. Heifers were selected rather than 
cows so as to eliminate chances of infection of the uterus and organs by 
contagious abortion or other diseases occasioned by pregnancy. The 
facilities for keeping the animals were limited and lots of about four 
only could be accommodated at any one time; this had the advantage, 
however, that it was possible to keep them all under close observation. 
The majority came from the Cambridge University Plant Breeding Farm 
(and my thanks are due to Mr N. Langridge for the assistance he has given 
me in the selection of these animals), where they had been kept a year or 
more, and a few were purchased from a dealer direct. All were kept 
under observation for a month or two before the experiments proper 
began. 

The few cows that were used were not purchased on the market 
but came direct from farmers in the district from whom an account of 
their previous history was obtained. 

(2) Material was also collected from the slaughterhouses of local 
butchers (and I have to thank more especially Messrs Warrington and 
Sons for their assistance in this respect). In the majority of cases, however, 
the previous history of these animals was not known as most were pur- 
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chased in the open market; in some cases, however, where the animals 
came from the University Farm or from local farmers the breeding 
history of the cow was obtained. 

In addition to the foregoing material much information was obtained 
from experienced stockmen met at the Agricultural Shows (see Ap- 
pendix I). Many have had a life-long experience in the management of 
breeding cows and to them my thanks are due for various details which 
have suggested new lines of research. 


METHODS. 


An attempt has been made to study the oestrous cycle by timing the 
processes concerned by means of time observations, in much the same 
way that physiologists have studied muscle-nerve preparations by the 
use of recording drums. 

Owing to its importance from a practical point of view it was 
necessary to know exactly the duration of oestrus. While by observa- 
tion it was generally possible to tell whether a cow was on heat or not, 
yet it was thought best to apply the test of whether she would actually 
“take the bull” or not. In order to do this without interrupting the 
cycle by a pregnancy ensuing, a vasectomised bull was used; such an 
animal has all the desire and powers of coitus possessed by an entire 
animal but ejects no spermatozoa. 

The bull was kept in a loose box separate from the cows, but, except 
for a few experiments, within sight of them. To determine whether or 
no a cow was on heat the bull was turned into an enclosure or covered 
shed with her and they were kept under observation. It was decided 
to test the cows at intervals of every two hours, commencing a day or 
more before the expected heat period was due, and if there was any 
doubt (as sometimes happened when they were coming on and going off) 
a period of half-an-hour was allowed before the bull was withdrawn. 
In this way it was considered that the actual time a cow came on or 
went off heat could be determined within about an hour. Extracts from 
the log-book kept are given in Appendix II. 

After the experiments had been going on for some time and it was 
found that the cow was staying on heat 12 hours or more, the bull was 
not put in at the 4th, 6th or 8th hour after heat began, but was re- 
introduced at the 10th and subsequent 2 hour periods; in this way his 
energies were conserved, and the end period of the heat could more 
readily be determined. 

This method has involved continuous observation of the cows over 
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considerable periods, and my thanks are due to Mr 8. J. Tadman, my 
laboratory assistant, who has shared this work with me, one of us 
watching by day and the other by night. 

This work has been supplemented by a study of the anatomical and 
histological changes in the reproductive organs of these animals, which 
were killed at different periods of the cycle and of pregnancy. An 
accurate reproductive history of the animals was, therefore, obtained 
before they were killed. The observations were made both in the fresh 
state and after they had been fixed (for the most part in 10 per cent. 
formalin solution) and stained (mostly in iron or Delafield’s haemato- 
xylin and eosin). 

The bull used was operated on when he was about 15 months old, 
having previously been used to get four heifers in calf. He was killed 
when about four years old, after the experiments were completed; during 
this time he remained sexually active, mating on the average about 
five times a week. His secondary sexual characters were normal, and 
the testes as far as could be judged were of normal size. The operation 
was performed by making two small incisions (at the top of the posterior 
side of the scrotum) through the skin, cremaster muscle and tunica 
vaginalis, which exposed the vas deferens; a small portion of each of 
these latter was then removed but the ends were not ligatured and the 
wound was stitched up. 

The testes were sectioned after the animal was killed and were to 
all appearances normal, both seminiferous tubes and interstitial cells 
being well developed and the former containing spermatozoa. This 
result does not agree with Ancel and Bouin’s(3) experiments with 
vasectomised horses and other animals, in which they found degenera- 
tion of the seminiferous tubules and hypertrophy of the interstitial 
cells. They ligatured the vas deferens, however, and thus by causing 
pressure and inflammation in the tubules may have aided their de- 
generation in much the same way as the mammary gland atrophies when 
the products of secretion accumulate within it. 

Steinach (4) states that the interstitial cells of the testis undergo 
hypertrophy after vasectomy and that the seminiferous tissue dis- 
appears. 

Lipschiitz(5) however believes that no actual hypertrophy of the 
interstitial cells occurs and that whether or no degeneration of the 
seminiferous portion is found after operation depends on the interval 
between the operation and the date of killing. 


II 
THE BREEDING SEASON 


Data collected from Milk Recording Societies soon established the 
fact, as is generally known, that cows will breed at all times of the year. 
These data which are given in Table I show the percentage of the total 
number of cows which calve in each month of the year; it will be seen 
that the time of year that they actually calve depends on local agri- 
cultural conditions and is no guide to their natural breeding season, for 
in the west of England, where grassland prevails, the majority calve in 
March and April, whereas in the east on arable land, where milk is 
required for winter supply to the towns, more calve in the autumn, 
although even here a large number tend to calve in the spring. 

Weber (6) found that in domestic cows heat occurred at all times of 
the year. 

Heape(7) states that whereas domesticated cattle breed all the year, 
in wild cattle the calving season is limited, but in the Zoological Gardens 
they are capable of breeding at any time of the year. 

Mayo-Smith(s) found that in man the largest number of conceptions 
occurred in the summer months, and the time of maximum number 
varied with the climate, in Greece the maximum occurring in April, 
whereas in Sweden the maximum did not occur until June. 

Statistics collected from various authorities are appended to this 
table (I) and they confirm the above conclusions; in particular there 
are large differences between Ayrshire and Denmark in the time of year 
cows usually calve. 

In order to determine the readiness with which cows would breed 
at different times of the year the average length of time was calculated 
between the times cows calved and their next fertile service. Data on. 
this point are shown in Table IJ. The average time is 97 days but cows 
which calve in May are, on the average, served within 76 days, whereas 
those which calve in September are not, on the average, served until 
135 days after calving, and there is a gradual and steady rise and fall 
between these two extremes. In order to calve on the same date in the 
following year a cow should be served 85 days after calving. The average 
interval before service throughout the year varied in different districts, 
being as high as 105 days in Penrith, and as low as 89 days in Norfolk. 
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Table I. Percentage of cows which calve in different months of the year. 


Total 
Milk Recording Society No. of 
or District Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. cows 
S.E. Essex M.R.S. 12-0, 10:25 18'8) 56:5 9.50" ES: 6S Oi O-O% mec en 4m) mee) 
Norfolk M.R.S. 11-0" 13:3" 11-2) 9:4 7:0" 62) 8°05 04-6 9 A Oe oo 
N. Somerset M.R.S. 10:6 99 185 111 63 £4: ae (po rela bia AUIS re oe VeNe, 844. 
Penrith (Cumberland) M.R.S. 10:9 11:3 21:2 17:4 96 53 38 20* 18* 46 48 7:3 1463 
Av. 4 M.R.Socs. 13) 11:5 913:8 103 A GL G6" ABR OG AN 2 eS eos 
Essex 9) 9-6 2-4 4 1S GL 0S 6108 eg Om a. 6:5) omen LOL 1418 
Yorkshire (10) 10°59 10°% .12'0"" 10°35 = S'0") v5°65 0-0" 16:6 8 ieie 8 OO meer 484 
Treland (10) 10:2 134 149 146 88 31 26 56 .54 91 63 #4460 811 
Ayrshire (11) OT 167 8 2448 2816'S el Ge ORR ae ae mee ee 3893 
Denmark (12) 6" -9-5-5 11:8) 20-60 Tle Gis Oe 9 oO lon OD ahi 2S Os 1472 
Sa and a ; 
Germany (13) 18-1 40:5 16-2 6-4 6-7 12-1 with 10960 
with Dec. Jan. 
* Too low as service dates not given in records. 
Table Il. Interval between calving and fertile service for cows calving 
an different months of the year. 
Days -- the average interval. Average 
Milk Recording =§=— St interval 
Society Jan.) eb.» @Mars Apr. May  <Juness July "Auge | Sept.» SOct- Nov. eevee. days 
S.E. Essex —-3 —7T -10 —-19 -—-27 +1 —1 +410 +382 423 45 42 103 
Norfolk —3 —4 —9 —-12 —-18 -15 —-14 44 +426 480 411 +1 89 
N. Somerset —8 —~6 —5 —-17 -—-18 —1 +4 —T7T +420 421 O +15 92 
Penrith —§ —-12 —-14 —24 -—81 —16 —12 —-l1l 474 448 4+7 4483 105 
‘Av. of 4societies —5 — 7 —9 —-—18 —-21 —8 —6 —1 +38 +380 46 465 97 


This table (II) shows that although cows will breed at all times of 
the year, yet there is an optimum time—during the summer months 
May—July—when the reproductive force is at its maximum, and con- 
versely that during the cold weather of the winter months—November 
to January—the reproductive powers are at a minimum. That there is 
an optimum temperature rather than that high temperatures shorten 
the interval is indicated by the fact that for cows calving in July the 
interval is much less in the more northern districts of Norfolk and 
Penrith than in the southern ones of Essex and Somerset. 

A cow does not usually come on heat immediately after she calves. 
Weber (6) has published in tabulated form the literature on this point, 
and he himself found that it varied from 3 weeks in cows with intense 
heat periods to 4-7 weeks in cows with feeble heat periods. In our 
investigations only one definite case has been experimentally obtained, 
and in this the first heat period occurred 49 days after calving in March. 
Information obtained from stockmen (see Appendix I(4)) shows that 
the time of first heat after calving may vary from 9 days to 6 months, 
but the usual time is 3-4 weeks if the cow is milked, and rather longer— 
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about 3 months—if the calf is suckled. They also stated that conditions 
which tended to reduce the nutrition of the animal, 7.e. poor feeding and 
heavy milking, lengthen the interval between calving and subsequent 
first heat period. Hammond and Sanders(14) have shown that the time 
of fertile service after calving varies with the age of the cow, being 
shortest in the prime of life—3rd—4th calf—and longer both before 
(during growth) and after (during senile decay) this period, and that 
this may have a nutritional basis. 

Bonhote’s(15) theory of the reproductive season depending on the 
state of vigour of the animal is also founded on the amount of nutrition 
available at different times of the year. Probably temperature affects 
the nutrition of the animal through its heat loss as well as through the 
foodstufis available. 

Schmid(i6) investigated the frequency with which the first heat 
period of heifers and the first heat of cows after calving occurred in the 
different months of the year and found that the highest proportion fell 
in the spring and autumn months. His data are however open to the 
criticism, as pointed out above, that these things are determined by 
agricultural conditions. He also determined the frequency with which 
conception occurred in the different months of the year, and found that 
whereas the maximum number of first heats occurred in March and 
July, the optimum months for conception were May and September. 
This we believe is again the result of agricultural practice, for it is 
generally inadvisable to serve a lactating cow at the first heat for if 
this is done the milk production is decreased (see (14)). 


AGE oF PUBERTY. 


No experimental work has been undertaken on the age at which the 
first heat period occurs, but enquiries have been made from a number 
of experienced herdsmen who had exhibits at the London Dairy and 
Smithfield Shows (see Appendix I(1)) and from their replies it was 
evident that the age varied considerably with the breed and with the 
nutrition given, well fed animals coming on heat earlier than poorly 
fed ones. Both breed and feed are known to affect the rate of maturing 
of the animal generally and it is probable that the effect on the sex 
organs is secondary to that of general nutrition. 

The average age of puberty for all breeds under normal conditions 
of feeding is about 9 months old, but it may vary from 5 to 15 months. 

Craig(17) states that the average age is 12-18 months, but that 
heifers have taken the bull at 5-9 months old, while Ellenberger (18) 
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places the age at 9-12 months and Werner(19) and Hansen (20) at 6-9 
months. Dechambre (21) and Curot(22) believe that heat first appears at 
12 months old. Schmaltz(1) states that it varies considerably with the 
breed, Steppe cattle not becoming pregnant before the fourth year. 

Hckles (23) from replies given by herd owners states the average age 
at first heat to be as follows: Jerseys, 8 months; Guernseys, 11 months; 
Friesians, 11 months; and Ayrshires, 13 months. He also obtained 
opinions as to the age at which breeders preferred their heifers to calve 
for the first time, which was as follows: Jerseys, 23 months; Guernseys, 26 
months; Friesians, 27 months; and Ayrshires, 29 months. Experiments 
made by him showed that early calving checked the growth of the 
animal and that this occurred not during gestation but during lactation. 

Experiments with rabbits (24) have shown that the age of puberty is 
influenced by the time of year at which the animal is born. 


eat 
THE OESTROUS CYCLE 


1. PERIODICITY AND RHYTHM. 


It is known that all mammals (with few exceptions) exhibit a 
periodicity or rhythm in their times of “heat,” the length of time be- 
tween the “heat” periods—the oestrous cycle—varying with the species. 
In the majority of animals this is known only in a general way and few 
records of exact times exist. Investigations of the length of the cycle in 
the horse, cow, sheep and sow have been made but none to within the 
accuracy of a day. 

The following Table III (a) shows the intervals between the com- 
mencement of successive oestrous periods in a number of cycles in 
heifers and cows to an accuracy of about an hour. The length of the 
normal oestrous cycle in the cow is on the average about 194 days, 
but it has varied from 420 hours (174 days) up to 576 hours (24 days). 

The opinion of herdsmen (see Appendix I (2)) is that the length of 
the cycle may vary from 3-4 days up to 4-5 weeks but that animals 
with abnormally long or short periods are frequently sterile (see Sterility, 
p. 184). It was stated also that Jerseys have usually a rather longer 
period than Friesians and Devons, and two Jerseys which were slaugh- 
tered during the course of the experiment were found to have unusually 
large corpora lutea, but the length of their periods was not experi- 
mentally determined. 

Kiipfer (25) and Zietzschmann (26) both state that the average cycle 
in the cow lasts 21 days. Schmid(s6) found that the variation of the 
cycle in cows may be much greater than the average 2-4 weeks, the 
limits of variation quoted by most authorities; the majority he observed 
had periods of 18-24 days (25-6 per cent. of cases). He found however 
a rather large number of cases over 24 days and some of these we believe 
were due to unobserved heat periods as well as to the persistent corpora 
lutea which he cites as being the main cause. 

Struve (27) who observed 38 cows during 249 heat periods found that 
the time between two periods was rarely more than 28 days or less than 
16 days, 80 per cent. of the cases falling between 17 and 23 days, 
70 per cent. between 18 and 22 days, and 53 per cent. between 19 and 
21 days. The limits of variation were between 8 and 30 days. He also 
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found that in any one cow there may be variations in the length of the 
cycle and that sometimes it may be abnormally short, more especially 
if the animal has been suffering from some disease (tuberculosis). 

Weber (6) has tabulated the literature as to the average length of the 
cycle in the cow and he himself observed 155 heat periods, one cow 
through 29 periods and many through 5 or more periods. He found 
that the length of the cycle was 3 weeks for cows with intense heat 
periods, that it varied from 24 to 4 weeks in cows with average heat 
periods, and varied from 3-4 weeks in cows with feeble heat periods. 

Some of the causes of the variation in length of the cycle were found 
in our experiments to-be as follows: 

(a) The tume of year. There is a longer interval between the heat 
periods on the average in the middle of the summer than in winter or 
spring (see Table III (a)). In any one individual these changes are fre- 
quently obscured by others but averages of a number of individuals 
show this change distinctly, there being a difference of about 40 hours 
between the average length of the cycle in summer and in winter. 
Whether this is due to temperature or food conditions it is not possible 
to say, aS experiments which were started failed owing to the animals 
breaking out of their shed at the critical time. In all probability it is a 
combination of the two factors, each affecting the nutritive state of the 
animal. 

This finding does not agree with Wallace’s (28) statement that oestrus 
recurs every 19th day in summer and every 20—21st day in winter. It 
is contrary also to the statement of Mathews Duncan (29) that in women 
the periodicity of menstruation is less frequent in Lapland and Greenland 
than it is in hot countries. 

Stockard and Papanicolaou(30) found that in the guinea-pig there 
was a slightly shorter cycle in the warmer months than in the cold 
months of the year; these animals however were kept housed and warm. 

(6) Age. There is an indication that the interval between the heat 
periods increases slightly with age as determined by the state of their 
teeth (see Table III (6)); the age differences between the heifers are 
very small but they are on the whole consistent. The cows (477 hours) 
have only a slightly longer oestrous cycle than the heifers (466 hours) 
(see Table III (a)). The opinion of herdsmen, however (see Appendix I (a)), 
is against the view that the duration of the cycle in cows varies with 
age. Stockard and Papanicolaou(30) state that in the guinea-pig the 
cycle is slightly lengthened in old as compared with young females. 

(c) The State of Fatness. Both heifers and cows were grouped as to 
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Table III (6). The effect of age on the length of the oestrous cycle 
and of oestrus. 


Hevfers. 
Teeth 


pa 
2nd pair of incisors 


; OEY 
2nd pair of incisors 


just showing quite up 
eae SA 
Length of | Duration of Length of | Duration of 

cycle oestrus cycle oestrus 
No. hours hours No. hours hours 
C3 455 16-5 Cl 502 18-2 
C4 462 13-4 C2 423 8-4 
oa 473 21-0 C6 445 15-7 
C5 452 Lis7 Pd 526 12-0 
P6 440 20-0 ea 464 20-0 
= — — P8 479 14-0 
Average: 456-4 i Neieeb4 473-2 14-72 


Table III (c). Effect of state of fatness on length of oestrous cycle 
and of oestrus. 


(Animals arranged in order of fatness. ) 


Hevfers. 
No. of Length of cycle Duration of oestrus 
animal hours hours 
Fat C3 455 16-5 
C2 423\ 443 . 8-4) 14.2 
C5 452 17-7) 
Lean Ce 473 an 
C4 462 | 13-4 
C6 445 { 470 15-77 ttl 
C1 502) 18-2 | 
Cows. 
Fat A4 450) see ear 
A5 461 une 19-0 met 
Lean A3 445 21-5 
AQ 551| he 30.04 07 


their state of fatness (Table III (c)) and there was an indication that 
the fatter an animal was the shorter the interval between the heat 
periods. None of the animals was in a very fat condition. Papanicolaou 
and Stockard (31) found that underfeeding in guinea-pigs prolongs the 
periods between ovulations and Long and Evans(32) found that this 
also occurs in the rat. Loeb(33) has shown that underfeeding causes 
follicular atrophy. 

(d) Individuality. It is quite evident that individual differences 
exist (Table III (a)), any one individual tending to have all long or all 
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short periods. Individual heifers varied from 423 hours (17 days, 
15 hours) up to 526 hours (21 days, 22 hours), and individual cows from 
445 hours (18 days, 13 hours) up to 551 hours (22 days, 23 hours). 

(ce) The effect of drugs. Reinhardt(34) from clinical experience re- 
commends the use of yohimbine in cases of sterility and also the use of 
other drugs in inhibiting the hypertrophy of the corpus luteum. The 
exact timing of our experiments has made it possible to study the effect 
of drugs on the oestrous cycle (see Table III (a)). 

Yohimbine. Stiinkel (35) quotes numerous cases in which yohimbine 

is said to have brought cows on heat but we found that yohimbine— 
given in the form of “Devatol” for five days at the rate of 0-5 gm. per 
day and then for eight days at the rate of 1 gm. per day—did not bring 
the animal on heat earlier, but appeared to lengthen the period some- 
what. 
Camphor was tried on two occasions. In the first (Cow A 2) a dose 
of 4 oz. camphorated oil (1 : 4) was given on April 2nd and | oz. in two 
doses on the following day; on April 4th she came on heat some 80 hours 
shorter than her average period. 

In the second case (A 3) the cow was given 3} oz. for one day and 
then 1 oz. in two doses for four days starting some 14 days before her 
“oestrus” was due; in this case the period was some 70 hours longer 
than normal. 

(f) The psychological efect of proximity of the male has no effect in 
hastening a heat period. Table III (d) gives the figures showing the 


Table IIT (d). Effect of the presence of the bull on the length of 
the cycle and of oestrus in hevfers. 


Oestrous cycle (hours). 


No. of 

heifer When running with bull Kept away from bull 
C2 422, 426, 422 Av. 423 424, 420, 427 Av. 424 
C3 442, 456 », 449 455, 458, 462 ,, 458 
Oy 458, 436, 474, 508, 498 ,, 475 *462 oo AG? 

) Oestrus (hours). 

C2 10, 10, 6 Av. 87 6, 8, 12, 7 Ave - 8:2 
C3 19, 14 GS 18, 14,16,18 ,, 16-5 
C7 22, 16,22, 22 re 20 *18, 26 wl 220 


* Kept in shed apart from either bull or other heifers. 


effect with three heifers; the first two showed very little difference, and 
the third, which was kept not only apart from the bull but also away 
from other heifers, was actually shorter between her heat periods than 
when running with them. 
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This does not agree with Dubreuil and Regaud’s (36) finding that in 
the rabbit the onset of heat is accelerated by cohabitation with the male. 
They however believed that the rabbit ovulated spontaneously and this 
might account for their results. 

(9) The effect of service by the bull was tested for it has been stated 
by Long and Evans (37) that in the rat if the cervix was stimulated by 
coitus or by friction the subsequent heat period was delayed and the 
cycle prolonged; this being due to the longer life of the corpus luteum. 
They found however that in the guinea-pig no such changes occurred. 
In a number of cases heifers were served by the vasectomised bull every 
two hours during their heat period, and in other cases only once at the 
beginning and two or three times at the end of the oestrus. Also in 
some cases the heifers were not served by the bull at all; he was allowed 
to jump them but was pushed off before service occurred. 

The effect of service on the length of the subsequent cycle was 
negative; if anything the cycle was decreased rather than lengthened 
by service (see Table III (e)), this possibly being brought about by 
rather earlier ovulation after service. 


Table III (e). Lffect of service by the bull on the duration of oestrus 
and on the length of the subsequent oestrous cycle. 


Duration of oestrus (hours). 


Number of services by bull 


(ON 

0 1 2-3 4—5 6 or more 
C4 22 10 12, 12, 10 12 16 
C5 30 — 16, 18, 14 14, 16, 16 _— 
C6 8 16 — 14, 14 16, 22, 22 
Average 20 13 14 14 19 

Length of subsequent cycle (hours). 

C4 436 490 440, 506 470 432 
C5 510 — 428, 442 436, 458, 438 a 
C6 454 412 -- 424 456, 424, 420 
Average 467 451 454. 445 433 


(h) The ovary im which ovulation occurs, that is whether the follicle 
ripens in the same ovary which contained the last corpus luteum or in 
the opposite ovary. Table III (f) shows the details for the animals 
which were slaughtered after periods of known length. The results are 
few, but, as far as they go, indicate that the period is prolonged slightly 
if the follicle develops in the ovary which contains the corpus luteum 
of the previous ovulation. 
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Table III (f). Effect of ovary in which ovulation occurred on the 
length of the last cycle and oestrus. 


Cases in which ovulation occurred in the same ovary as the 
previous ovulation. 


Length of cycle (hours) Duration of oestrus (hours) 
ie” pa a ea Ge Tare 
No. of Av. of pre- Av. of pre- 
heifer vious cycles Last cycle vious oestrus Last oestrus 
C4 462 506 13 10 
C7 473 498 — — 


Cases in which ovulation occurred in the opposite ovary to the 
previous ovulation. 
Cl 502 427 18 16 
C6 445 420 16 14 

Stockard and Papanicolaou (38) found that semi-spayed guinea-pigs 
had a cycle length slightly longer than normal. 

(*) No direct observations have been made but it was the opinion 
of experienced herdsmen (Appendix I (4)) that heavy milking cows are 
longer before they come “in season” after calving. It is also said that 
a cow which suckles her calf will not come “on heat” as soon as if milked, 
but no opportunities have been obtained for testing these beliefs. 

(j) Experimental removal of the corpus luteum. By inserting the hand 
into the rectum the ovaries of the cow can quite easily be explored and 
the outlines of the corpus luteum, which protrudes from the surface of 
the ovary, felt. If a steady pressure is exerted by the finger and thumb 
at the base of the corpus luteum it will become completely detached 
from the ovary and fall into the body cavity. This operation has been 
performed on two experimental cows (see Table III (a)). The corpus luteum 
of the first cow (A 3) was squeezed out on the 6th day after she had 
been on heat, and she came on heat again 53 hours after the operation 
was performed, thus having a cycle of 196 hours instead of her average 
cycle of 445 hours. 

The second cow (A 5) had the corpus luteum squeezed out 7 days 
after she had been on heat, and she came on heat again 48 hours after 
the operation, thus having a cycle of 212 hours instead of her normal 
period of 461 hours. This cow before being slaughtered was kept for 
3 days over the time when her next heat period (provided the operation 
had not taken place) would have been due and she did not show any 
signs of “coming on” at this time. 

Thus by this operation—squeezing out the corpus luteum—the 
rhythm of the ovaries and of the cycle was completely upset. 
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Girkovitch and Ferry(39) found that in sows hyperaemia of the 
genital organs and ripening of the follicles only occurs when the corpora 
lutea begin to atrophy. Zschokke(40) and Hess(41) found that cows 
which did not show signs of heat frequently contained in their ovaries 
persistent corpora lutea, and that after these were squeezed out heat 
came on again in a few days. 

Fraenkel (42) found that in women destruction of the corpus luteum 
results in the next menstrual period being missed, and from experiments 
on rabbits concluded that the corpus luteum by delaying the rupture 
of the follicle prolongs the cycle. : 

Loeb (43) excised the corpora lutea from the ovaries of guinea-pigs 
and found that the next ovulation was hastened and his results have 
been confirmed by Papanicolaou and Stockard (31). Ruge(44), from an 
examination of the ovaries of women, concludes that the onset of men- 
struation begins with the atrophy of the corpus luteum, and that the 
greatest development of the corpus luteum and freshly ruptured follicles 
are never found together. Seitz(45) concluded that the corpus luteum 
was the cause of the ovarian and menstrual cycle. Corner and Hurni(46), 
however, state that the administration of corpus luteum extracts did 
not inhibit the ovulation cycles in the rat, but their experiments are 
open to the criticism that the administration of extracts of a gland does 
not necessarily act in the same way as the development of the gland in 
the body (Loeb (47)); for example the corpus luteum may, by utilising 
substances required for the development of the follicle, prevent the 
growth of the latter. 

The cause of variation in periodicity or rhythm may now be dis- 
cussed. It would appear from the experimental evidence of the effect 
of the removal of the corpus luteum that it is this body which controls 
the length of the oestrous cycle and that the other circumstances given 
above—time of year, age, fatness, etc.—act partly through their effect 
on the life of the corpus luteum. During pregnancy, when the corpus 
luteum remains large, the rhythm of the cycle is suppressed. 

Kiipfer (48) states that a disturbance of the rhythm of the cycle may 
occur in the cow under the following conditions: (1) when pregnancy 
ensues and the corpus luteum persists in the ovary; oestrus is then 
suppressed; (2) when the ripe follicles do not rupture but form cysts 
instead of corpora lutea; the animal then comes on heat frequently 
(nymphomania); (3) when the corpus luteum persists in the non-pregnant 
animal; no heat periods then occur; (4) when the general metabolism 
of the animal is upset by disease and no follicles ripen; then again no 
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oestrus occurs. Bied1(49) states that when the persistent corpus luteum 
is removed the signs of heat appear again a few days later. 

It was pointed out at the beginning of this section that most 
mammals have a rhythm in their heat periods; this is associated with 
the development of the corpus luteum which controls the time of 
ripening of the follicles. 

Rabbits (which do not ovulate spontaneously) are an exception to 
this rule(24) and since they have normally no corpus luteum, have no 
rhythm or cycle and are like birds in this respect, eggs developing when 
conditions are favourable since (unless pseudo-pregnancy occurs) no 
corpora lutea are present to regulate the intervals at which they ripen. 

In addition to the action of the corpus luteum, other factors may 
come into play in determining the length of the cycle. Anatomical 
studies (see p. 41 below) have shown that the natural involution of the 
corpus luteum is associated with the growth of the largest Graafian 
follicle; if, however, owing to exceptional circumstances the ripening of 
the follicle is prevented (see cow A 4 with tuberculosis), heat does not 
occur and the oestrus is missed. Thus should the corpus luteum atrophy 
and conditions at the time be unfavourable for the ripening of the egg— 
such as occurs in under-nutrition—heat is delayed; but on the other 
hand it is difficult to hasten it except through an action on the corpus 
luteum. 

It may be however that if the action of the corpus luteum in pre- 
venting the ripening of the follicle is due to the utilisation of some 
specific substance (Heape’s (50) “generative ferment’) necessary for its 
growth (and the cells of the follicle and of the corpus luteum are essen- 
tially the same, see p. 83 below), the supply of large quantities of this 
substance in the blood would be able to meet both demands, and ovula- 
tion would occur at an earlier stage in the involution of the corpus luteum. 

On this assumption in monoestrous animals such as the bitch, heat 
would only occur at long intervals because conditions are unfavourable 
for the ripening of the egg. 

Robinson (51) has shown that before the breeding season attempts to 
mature in ferrets are made by successive generations of follicles with 
increasing success as the time of the breeding season is approached. 

Further discussion as to the causes of heat is postponed until p. 23 
below. 
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2. THe DURATION OF OESTRUS. 


Although in a general way the length of oestrus in the domestic 
animals is known, yet very few exact records have been taken. Moreover 
very few observations have been made on the circumstances which affect 
its length and on the relation (in time) that it bears to previous and 
subsequent cycles. 

Table IV gives the duration of a number of heat periods in heifers 
and cows and it will be seen that the length of oestrus varies from 


Table IV. Variation on the duration of oestrus in the cow at 
different tumes of the year. 


Duration of oestrus in hours. Age estimated by teeth. 


Animal 
os 
Age Indi- 
i aaa vidua 
No. Yrs. Mths. Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. ~ av. 
Heifers Cl 2 3 cae LO —- - oo 19 20° 7 18 re Nat: 
2-3yrs. C2 2 3 8 i. = — — —— — — 10 10 G7 6 as: 
old Gro. oa 0 16 8618 — a — 19 14 13; 14 16: 
CAs? ee Ole tee, PO 16 12,12 10,22 12,10 re ls 
Gro ol 9 —_- — —- 14 16,16 16,18 30,14 —- ive 
C62 3 14 14,16 8,22 22,14 —- 15- 
OE 4 0 22 16,22 18,26 22 — — 21: 
iin ae 6 —- — ~ ae — —_ —- 14,10 — 12-0 
P.6a ot 9 —- — — — — — — 20 — 20-0 
Biles 3 —- — —— — _— -- 20 20 20-0 
Wate 7 6 —- — a — _ — oa 10 18 14-0 
Average for heifers: 12:0 13-2 16-59, 9315:5 “ATO 1th 82 —= a 16-08) 147 2 It Ne SiGa 
Cows A2 9 0 — 20 18? 20°520,22 — — ee -— ~~ 20-0 
A3 6 0 — 20 — 20*,22 24,(10)t — = 21:5 
A4 12 0 ey 616) LES 1G 3 pee — — = 16-7 
A5 6 0 —_-_ — — — 18 20, (12)T — 19-0 
Average for cows: — 187 173 20-7 210 20:0 co —- —- — — — 19:3 
* Yohimbine. + Corpus luteum previously squeezed out (excluded from averages). 


6 to 30 hours with a mean of about 17 hours. Pearl (52) from replies 
sent him by breeders found that successful fecundation of a cow may 
occur as many as 41 hours after the onset of heat but that the majority 
of successful services occurred within 10 hours after the discovery of 
heat; he found no differences in different breeds. Weber(6) has tabu- 
lated the opinions of various authorities as to the average length of the 
heat in cows and he himself found that in cows with intense heat it 
varied from 12 to 36 hours, in cows with average heat periods from 6 to 36 
hours, and in cows with feeble heat periods from 3 to 36 hours. 

Various factors which it was thought might have an effect in con- 
trolling the duration of oestrus have been investigated and are discussed 
below: 
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(a) The time of year. From Table IV it will be seen that the average 
length of the heat period is greatest in the warm summer months and 
shortest during the cold winter months, there being an average difference 
of 5-6 hours between the two extremes. Herdsmen (Appendix I (2 6)) 
have noticed this difference and some say that a cow can be made to 
go off heat by throwing cold water over it. 

Detailed observations of the signs of heat, such as the flow of mucus 
and activity in jumping others (see p. 29), showed them to be much 
more marked during the summer than in the winter months. The 
observations given in Table IV are not affected by this last circum- 
stance, as the bull was used to test the animals and frequently in winter 
it was found that he would serve a cow when no very obvious signs of 
heat were present. The short duration and slight signs of heat which 
occur in the cold months of the year may account for difficulties fre- 
quently met with by farmers in getting cows served during the winter 
months, more especially where the bull is not run with the cows. A heat 
period of 6 hours occurring either during the day or night is easily 
missed and one of 10 hours would be frequently overlooked as in winter 
the men’s working hours are short. 

Heape(7) states that in the bitch the winter oestrus in some breeds 
does not last so long as the summer oestrus. 

(b) Age. Table IV shows that cows (19-3 hours) have on the average 
a slightly longer duration of heat than heifers (16-1 hours). In Table 
III (6), however, where the differences in age are slight, any change in 
this direction is masked by individual differences. No opportunity has 
occurred of testing the same animal at different ages. The experience of 
herdsmen (Appendix I (2 6)) however is that there is no marked differ- 
ence in the duration of heat between cows and heifers. 

(c) State of fatness. The evidence given in Table III (c) is in favour 
of the duration of heat being shortened by an animal being in a fat 
condition, this change being observed both in cows and in heifers. This 
fact may account for some of the difficulty met with in practice of 
getting fat animals to breed, since if the oestrus is shortened there is 
more chance of it occurring during the night only and so being missed. 
Weber (6) found that fattening foods given for a short time produced no 
effect on the heat period but that if long continued the intensity of heat 
was diminished. Marshall and Peel(53) found a considerable quantity of 
lipochrome in the ovaries of fat heifers. Possibly the decreased length 
of the oestrus in very fat animals is caused by a blockage of the ovarian 
cells with lipoids (see p. 82). 
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(d) Individuality. Individual differences are very marked as will be 
seen by Table IV, the heifers varying from 8 to 21 hours and the cows 
from 17 to 21 hours. With the latter the range is probably larger as 
only a few individuals were experimented with. Individual differences 
in the length of the oestrus is probably one of the causes of the “shy 
breeders” that are frequently met with. 

(ec) Effect of drugs. If drugs with an effect of prolonging the heat 
period could be found they would prove very useful. The various 
aphrodisiacs on the market are said to stimulate heat but there is very 
little definite knowledge of their action either in accelerating the onset 
of the heat period or of prolonging its duration. 

Yohimbine given for 5 days (Cow A 3, Table IV) in doses of -5 gm. 
per day and then for 8 days in doses of 1 gm. per day and continued 
during the time the cow was on heat failed to influence the duration of 
heat; she was “on” 20 hours when treated with the drug as against 20 
and 22 hours in the previous and succeeding periods. This cow came 
on heat at 8a.m. on April Ist and was dosed with -5 gm. yohimbine 
at 9 a.m. and 6 p.m. on March 31st and at 9a.m. and 6 p.m. and 10 p.m. 
on April lst, but went off heat at 4a.m. on April 2nd. 

(f) Lhe psychological effect of proximity of the male and other animals 
had no effect in prolonging the heat period as will be seen from 
Table III (d). The length of the heat period was not altered by keeping 
the heifers apart from the bull (C2 and C3) nor was it affected by 
keeping the animal apart from other heifers (C 7). The signs of heat are 
however affected by this factor (see p. 29). 

(9) The effect of service by the bull. In some cases heifers were served 
every two hours during the heat period and in others only once as soon 
as they came on and then left for a number of hours to see if they would 
go off more quickly. Heifers were also tried when the bull was not 
allowed to serve them at all during the oestrus. In the latter experi- 
ments in two cases the heifers went off heat quicker after service than 
if not served at all, but in the third case this was not so. Some herdsmen 
(Appendix I (2 5)) believe that cows stop on heat longer if not served. 
Weber (6) however could find no difference in this respect. Robinson (51) 
found in ferrets (which do not ovulate spontaneously) that fertile coitus 
caused ovulation and so reduced the time the animal remained on heat; 
this is also the case in rabbits(24). Although the cow ovulates spon- 
taneously it may be that in this animal ovulation is accelerated by coitus; 
further work however is required before this can be taken as proved. 
Marshall (54) found in the sheep that, although ovulation occurs spon- 
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taneously at each of the earlier heat periods of the sexual season, coitus 
is necessary to cause ovulation towards the end. He also found that 
coitus hastened the rupture of the follicle. 

(h) The side on which ovulation occurs. Only one case was observed 
in which ovulation occurred on the same side as that in which the 
previous corpus luteum had formed and Table III (f) shows that this 
did not appreciably affect the duration of oestrus. 

(c) It has been stated that the act of milking shortens the duration 
of heat and that cows are best put to the bull before they are milked; 
the opinion of the majority of herdsmen however is against this view 
(see Appendix I (5)). No experiments have been made on this point, 
however, and it may be that the belief has arisen owing to the fact 
that in the morning the cows have often not been seen for 16 hours and 
would frequently be “off heat” if left until after milking. 

(9) Experomental removal of the corpus luteum. One of the most 
striking results of the removal of the corpus luteum is in the duration 
of the subsequent heat period. In both experiments which have been 
done the corpus luteum was squeezed out about 7 days after the last 
heat period, and the next heat period occurred about two days after 
the operation or 9 days after the last oestrus; thus the normal length 
of the cycle was halved (see above, p. 15). In both these cases the 
duration of oestrus was also halved, cow A 3 being on heat for 10 hours 
instead of the average 21 hours, and cow A 5 being on heat for 12 hours 
instead of the normal 19 hours. 

This result is one of fundamental importance as regards the cause 
of oestrus. Quite how the facts should be interpreted is in question and 
will be discussed below. | 

That the duration of the heat period is correlated with the length 
of the preceding cycle is a point which has hitherto not been considered. 
As far as it relates to different species of animals there can be no doubt 
that no correlation exists as the following table shows: 


Length of cycle (days) Duration of heat (days) 
ig eh ede ae Ses i ay a a ae a 
Marshall Curot Franck-Albrecht Marshall Curot Franck-Albrecht 

Species (55) (22) (56) (55) (22) (56) 

Mare 21 28 21-28 4-5 7-10 8 

Cow 21 21 21-28 1 4-1 1-2 

Ewe 15 21 21-28 Few hours— 1-3 1-1} 

1 day 
Sow 21 21 14-18 1 4-8 1 day to 
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Yet the experimental results given above seem to show that within 
a species the length of the cycle and the duration of the subsequent 
oestrus are correlated. 

Marshall (54) found that in sheep when the number of oestrus periods 
is increased (by bringing highland sheep to the lowlands), the duration 
of oestrus is shorter and that in Dorset Horns where the oestrus may 
occur every 11 days (instead of the usual 13-18) the oestrus may only 
last about 2 hours. 

Table V gives the length of the cycle compared with the duration of 


Table V. Correlation between the length of cycle (hours) and the 
duration of the subsequent oestrus (hours). 


Group of 
cycle No. of Average Average 
lengths Individual cycle Associated duration of observa- cycle oestrus 
hours lengths subsequent oestrus tions length length 
Over 480 576, 566, 544 20, 20, 10 15 518 18-4 
538, 538, 516, 510 22, 20, 24, 14 
508, 502, 502, 506 22, 20, 18, 18, 10 
492, 490, 480 18, 22, 18 
460-479 474, 470 18, 12 6 467 18-7 
468, 464 18, 20 
462, 462 18, 26 
440-459 458, 458, 458 16, 16, 16 12 452 16-2 
456, 456, 455, 454 18, 8, 14, 22 
452, 448 16, 14 
442, 442, 440 14, 30, 10 
420-439 438, 436, 436, 436 1S 2516,.22 17 403 14-7 
432, 432, 430, 428 12, 20, 20, 16 
426, 424, 424, 424 6, 8, 14, 22 
422, 422, 422, 420 10, 6, 22, 12 
420 14 
Under 420 412 16 3 307 12-7 
212, 196 12, 10 


the subsequent oestrus in all the observed cases (53) in heifers and cows; 
it shows that a sensible correlation exists. The cases “over 480 hours 
cycle” do not show any increase over the “460-480 hours cycle,” but 
the number of observations made in the latter group is not very large. 
It may be, however, that in some cases the length of the cycle is fre- 
quently prolonged not by the persistence of the corpus luteum but by 
conditions being unfavourable for the maturation of the follicle after 
the corpus luteum had atrophied. Hess(41) states that in cows after 
infection with granular vaginitis the corpus luteum often hypertrophies, 
and that in these cases the heat periods are often abnormally long. 
From our results it would appear that the length of oestrus (desire) 
depends on the degree of hypertrophy of the uterus and other generative 
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organs brought about by the action of the previous corpus luteum, and 
that if this is cut short by removal of the corpus luteum at an early 
age the length of the subsequent oestrus is reduced. 

There is, however, much to be said against this view. Robinson (51) 
found with ferrets that the length of oestrus depended on the time ripe 
follicles remained in the ovary, and that coitus shortened the length of 
oestrus by causing rupture of the follicles. This might be explained in 
our opinion by the formation of the new corpora lutea (as a result of 
follicular rupture) inhibiting the condition of oestrus. Loeb(57) found 
that in guinea-pigs the presence of the corpus luteum may prevent the 
signs of heat although apparently mature follicles are present in the 
ovary. In Marshall and Runciman’s(58) experiments with bitches, 
artificial rupture of the follicles before heat did not prevent the onset 
of oestrus, but in this case normal corpora lutea were not found in the 
ovaries. In the cow the actual bursting of the follicle can have little 
effect on the length of oestrus (desire) for ovulation does not normally 
occur (see p. 34) until 24-48 hours after the commencement of desire, 
whereas oestrus itself lasts only about 17 hours. The two cows A 3 and 
A 5 afforded an illustration of this. 


In the case of A3 the corpus luteum was squeezed out 6 days after the last 
heat, and the next oestrus occurred 53 hours after the operation and lasted for 
10 hours only, although the follicle which ripened at this time had not ruptured 
when the animal was killed 6 days later. In the other cow, A 5, the corpus luteum 
was squeezed out 7 days after the last heat, and the next oestrus occurred 48 hours 
after the operation and lasted for 12 hours; the follicle in this case had ruptured when 
the animal was killed 13 days later. 


Hess (41) found that 95 per cent. of cows if served become pregnant at 
the first heat after squeezing out the corpora lutea. 

These two cases show that the duration of heat is much the same 
whether the follicle ruptures or not. Strodthoff(59) from the results of 
rectal examination of ovaries in the cow concluded that ovulation does 
not always occur with heat. 

Another interpretation of the results obtained from these two cows 
(A 3 and A 5) is nevertheless possible. It is that although heat occurred 
in each at about the same time after removal of the corpus luteum and 
lasted for about the same time, yet the ripening of the follicle and 
ovulation did not occur until some time afterwards, and the cow A 3 
was killed before it had occurred. In other words, by removal of the 
corpus luteum the external symptoms of heat were obtained, but the 
ripening of the follicle and ovulation did not closely follow these as 
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it does under normal conditions (compare with cycle in woman, see 
below). 

In the experiment on cow A 3 there is doubt as to whether a cyst 
was formed as a result of squeezing out the corpus luteum or whether 
although heat occurred ovulation was delayed several days. 

The evidence however, as far as it goes, is rather against the latter 
view, for the unruptured follicle in A 3 was above normal in size (but 
this may have been due to pre-ovulation swelling), and the appearance 
of the corpus luteum in A 5 indicated a probable ovulation soon after 
the heat was observed (see further under Sterility, p. 190). 

The possibility remains that heat (desire) is determined by some 
stage in the maturation of the follicle and that whether it ruptures or 
not is immaterial. Robinson(51) found that in ferrets oestrus only 
appears when the follicles attain a pre-inseminal stage, and that before 
they rupture an additional swelling of the follicle occurs. It is shown 
below (p. 41) that in the cow the follicle does swell after “heat” is over 
and just before it bursts (but not to the extent found by Robinson in 
ferrets) and it is conceivable that the swelling might terminate the heat. 
A possible explanation of our results might therefore be that the “heat 
stage” of the follicle is more quickly passed through if ripening is fast 
(as occurs when the corpus luteum is squeezed out), but this explana- 
tion would not fit in with Marshall and Runciman’s (58) experiments in 
bitches, in which heat occurred at the normal time after the follicles 
had been artificially ruptured, nor is it compatible with the phenomena 
of oestrus and ovulation in bats, in which oestrus occurs in the autumn 
but ovulation not until the following spring. 

“Desire” is probably, physiologically speaking, a nervous state in- 
duced reflexly, and in man owing to high nervous organisation it may 
not require the intense internal stimuli for the reproductive organs as 
is necessary in the case of the lower animals. Tltere is not much evidence 
at present as to whether the desire is caused directly by the action of 
the primary factor in the ovary (follicle, interstitial gland), or whether 
it is occasioned by secondary changes (due to regression of corpus luteum 
or stage of follicular development) set up in the accessory glands and 
erectile organs of the vagina and vulva by the primary organs. It is 
not due to any uterine changes for it has been shown that hyster- 
ectomised rabbits copulate normally (60). If in the above experiments 
(squeezing out corpora lutea) the primary effect of the removal of the 
corpus luteum in causing the heat is objected to on the grounds of 
experiments performed by other investigators, it might be reasonable 
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to suggest that the.duration of heat may be caused by its secondary 
action on the upbuilding of the accessory glands and erectile organs of 
the vagina and vulva. Unfortunately the cows in which the corpora 
lutea were squeezed out (A 3 and A 5) did not normally bleed after their 
oestrous period (as frequently occurs in heifers, see p. 57) so that it 1s 
not known whether the “desire for coitus” at heat is necessarily asso- 
ciated with the phenomena of swelling and congestion of the reproductive 
organs. 

Fraenkel (42) found that destruction of the corpus luteum in women 
prevented the appearance of the next menstruation at the normal time 
and he therefore attributed to the corpus luteum the function of causing 
the flow. Halban and Koéhler(61) have also performed this operation 
and have criticised his results; they found that removal of the corpus 
luteum is followed by bleeding (rather less than the normal menstrual 
flow) 2-3 days after the operation and then the regular occurrence of 
menstruation at the usual interval (28 days) after the post-operation 
bleeding, the menstrual rhythm being upset by the removal of the 
corpus luteum. They also found that the duration of the post-operation 
bleeding did not depend on the age of the corpus luteum which was 
removed, and concluded that menstruation was prevented by the corpus 
luteum up to the time of its maximum development, and that although 
the corpus luteum regulates the duration of the cycle, menstruation was 
not caused by it but by some other ovarian hormone. In three cases 
however they removed not only the corpus luteum but also both ovaries 
and these cases were followed by a menstrual flow 2-3 days after the 
operation, but no further menstrual periods occurred. It appears to us 
that the results of these three cases suggest that it is the removal of 
the corpus luteum which causes the bleeding rather than the presence 
of another ovarian secretion (see also Weymeersch (62)). 

Ancel and Villemin (63) found that in women ovulation occurs 12 days 
before menstruation, and that the latter occurs at the time of maximum 
development of the corpus luteum. 

Schroder (64), Miller (65), and Marcotty (66) all concluded that ovula- 
tion in women does not occur until about the 12th or 14th day after 
menstruation and that the onset of the latter generally coincided with 
the regressive phase of the corpus luteum. Leopold and Ravano (67), 
however, concluded that ovulation occurs most frequently at men- 
struation but they also found that menstruation can take place without 
ovulation. Siegel (68) who collected statistics of the influence of the time 
of coitus on fertility in women, found that the likelihood of fertilisation 
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increases from the beginning of menstruation, reaches a high point 
6 days later, remains almost at the same height until the 12th-13th day 
and then declines to the 22nd day after which there is absolute sterility. 
Ovulation, he estimates, occurs between the 11th—15th days. 

For a review of recent work on this point the reader is referred to 
articles by Novak (69) and Triepel (70). Heape(71) found that the ovaries 
of menstruating monkeys do not always contain follicles in a state of 
approaching ripeness. 

In the bitch bleeding occurs just before ovulation, in woman about 
12 days before it, and in the cow at about the time of ovulation. It 
may be that the degree of atrophy of the corpus luteum which is 
necessary for the maturation and bursting of the new follicle differs 
from that which is necessary to cause bleeding in the different species, 
and so the processes are not always correlated in point of time. In the 
same way the time relations of desire for coitus and bleeding do not 
always coincide in animals, for in the bitch “desire” occurs after bleeding, 
whereas in the cow it occurs before bleeding. It is difficult to see how 
this can occur if both bleeding and desire are dependent on the ripening 
of the follicle. 

The general impression formed from the results of our own experi- 
ments considered in conjunction with those obtained by others in the 
bitch, ferret, and woman, is that the internal secretion of the follicle 
and of the corpus luteum is essentially the same and not different as 
some suppose (see p. 80). Meyer(72) concluded that both the ripe 
follicle and the proliferation stage of the corpus luteum stimulate the 
regeneration and pathological growth of the uterine mucosa. Both may 
give rise to uterine hypertrophy, and they only differ in the amount of 
the internal secretion that obtains entrance to the blood stream; the 
follicle in most stages of its development stores the active principle 
(possibly liquor folliculi) which obtains entrance to the blood only from 
the network of capillaries in the theca; in the corpus luteum however 
the luteal cells are in close connection with the capillaries so that the 
secretion is not normally stored but passes to the blood stream. This 
secretion probably acts on the uterine blood vessels causing their dila- 
tion and bringing about the hypertrophy of the uterine mucosa in 
preparation for pregnancy; the sudden removal of the secretion causes 
collapse of the blood vessels and extravasation of blood with disintegra- 
tion of the mucosa. 

In the monoestrous bitch the simplest form is seen where follicular 
action causes pro-oestrus or heat hypertrophy (similar hypertrophy is 
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seen in the cow—nymphomania—when cysts are present) and a persistence 
of a similar condition is observed in the ferret when coitus does not 
occur. The formation of the corpus luteum in the bitch has been shown 
by Marshall and Halnan(73) to be attended with uterine hypertrophy, 
and they found extravasated blood in the stroma of the uterus at the 
end of the pseudo-pregnant period. Craig(17) has stated that at the end 
of the pseudo-pregnancy in bitches a swelling of the vulva with reddening 
of the vaginal mucous membrane occurs. During normal pregnancy 
uterine hypertrophy occurs under the action of the corpus luteum, and 
at parturition similar but more marked changes than those at the end 
of pseudo-pregnancy take place. 

In the cow and polyoestrous animals generally the changes that occur 
during heat and pseudo-pregnancy are telescoped so that the regression 
of the corpus luteum overlaps the ripening of the next follicle. The 
same thing occurs in woman, but the overlapping is not so great as in 
the cow. In both these cases bleeding will occur after that stage of the 
cycle at which the greatest hypertrophy of the uterus occurs; this in 
the cow happens about the 20th day after the previous ovulation and 
about the time of the second ovulation; but in woman about the 15th 
day after the previous ovulation and 13 days before the second ovulation 
as the following sketch shows: 


lst ovulation 2nd ovulation 3rd ovulation 
Cow Bleeding Bleeding 
Curve of 
corpus : 
luteum Ist ovulation 2nd ovulation 
Woman Bleeding Bleeding 
Ist cycle of days 1 15 20 28 43 
, 2nd cycle of days 1 1 
_cow woman 


In this connection it may be noted that an intermenstrual pain some- 
times accompanied by a discharge has been described in women 
(Croom(74)). It is possible that this is associated with the ripening of 
the follicle. 

Thus it will be seen that difference in the length of the cycle in the 
cow and in woman is due not so much to differences in the length of life 
of the corpus luteum in the two species as it is to the degree of luteal 
regression necessary before a new follicle can ripen. In the rat where 
the cycle is very short (4 days), the diminution in size of the corpus 
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luteum does not usually take place until the beginning of the third 
cycle succeeding a corpus luteum of ovulation (Long and Evans(32)), 
although the luteal cells are in a state of regression at the end of the 
oestrous cycle which gave it origin. The essential conditions necessary 
to cause bleeding appear to be the sudden removal of the stimulus 
causing hypertrophy of the uterine mucosa. That bleeding is not due 
to the mature follicle in woman is shown by the fact that the ripening 
of the follicle does not occur until after menstruation has ceased. Wey- 
meersch (62) has shown that removal of the corpus luteum in rabbits 
pregnant 8-10 days caused constriction of the uterine blood vessels, 
oedema and extravasation of blood into the tissues of the uterine mucosa. 
Stockard and Papanicoloau (38) concluded that in guinea-pigs the absence 
of the corpus luteum causes menstruation, and that spayed females 
have a long and continuous atypical destruction of the uterine mucosa. 

The theory that the interstitial cells are the cause of heat would not 
explain the alteration in rhythm of the cycle caused by squeezing out 
corpora lutea, nor would it account for the occurrence of a menstrual 
flow in women immediately after the removal of the corpora lutea from 
the ovaries and the subsequent regularity of their cycles dating from 
this flow. Moreover the presence, absence or varying quantities of 
interstitial tissue in different species, bearing no relation to the frequency 
of their heat periods, tells against this theory. Loeb(75) has given many 
reasons why the interstitial gland cannot be the cause of heat. Marshall 
and Runciman’s (58) experiments, which appeared to afford evidence that 
the interstitial cells were the cause of heat, have since been shown in 
extended experiments by Marshall(76) to be capable of another ex- 
planation. 

From the above mentioned facts it will be seen that in polyoestrous 
animals there is doubt as to whether the hyperaemia of the generative 
organs that occurs is a pro-oestrous change such as originally described 
by Heape(77) and Marshall(78), or whether it is the end of a minor 
pseudo-pregnancy determined by the atrophy of the corpus luteum. 

In the monoestrous animals (bitch—Marshall and Jolly (79), Marshall 
and Halnan(73)) both occur and it would appear probable that in poly- 
oestrous animals owing to the shortness of the cycle the two nearly 
coincide in point of time. 

More experimental investigation is required, however, before definite 
conclusions can be arrived at. Further work on the effects of removal 
of the corpus luteum (with time observations) from heifers which bleed 
after oestrus would furnish valuable results not only as to the origin 
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of heat and diagnosis of cases of sterility, but also in explaining the 
menstrual cycle in women. 


3. PSYCHOLOGICAL CHANGES—EXTERNAL SIGNS OF OESTRUS. 


Various outward and visible changes occur in an animal during the 
time that it is “on heat.” These vary considerably in different ind1- 
viduals and at different times of the year but chiefly in degree rather 
than in kind. 

No notable differences in the behaviour of cows exist during the 
greater part of the oestrous cycle but changes occur as soon as “heat” 
appears. 

The following description of the signs of heat is based on close 
observation of more than 60 periods in about 20 different animals. For 
examples of individual periods see Appendix II. 

The various symptoms are displayed best when the bull or other 
cows are present. At the onset of heat a cow becomes restless and fre- 
quently when tied in the stall is seen standing while the others are lying 
down. She twitches her tail frequently and often raises it. When out 
at grass the cow does not usually continue to feed but wanders about 
the field and frequently goes off by herself or with another cow which 
she rides or is ridden by. She will also frequently jump the bull and 
when he attempts to serve her will stand still and not move away as 
happens when the animal is not on heat. A cow on heat also frequently 
lowers the hips and small of the back and raises the tail head; she also, 
more especially after jumping other cows (and after service by the bull), 
arches her back and strains, a string of glairy mucus coming away from 
the vulva at this time. 

When on heat she will also frequently play with the bull by horning 
him or will stand and lick him, and when separated from other cattle 
will low or ‘‘blar.”? The bull will “hang round” a cow that is just coming 
on or going ofi, although she is not actually on heat at the time, and 
will not stand to service. 

A cow differs from the majority of other animals (sow, bitch) in 
that there are no marked pro-oestrous changes of the reproductive organs 
visible to the naked eye. Occasionally a little clear mucous fluid issues 
from the vulva an hour or two before heat begins but this does not 
always occur. No pro-oestrous congestion or swelling of the external 
genital organs occurs before the oestrus. 

During heat a large flow of mucus occurs from the vulva and runs 
down the tail or flanks. The character of the mucous flow changes as 
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heat proceeds; at first it is clear and very fluid, later 1 contains- yellowish 
cheesy lumps and afterwards it becomes whitish and thickened (see 
Dao): 

During oestrus the vulva becomes slightly swollen and flushed but 
this does not usually reach its maximum development until about a day 
or two after the heatis over. Very often, especially in heifers it cumulates 
in a flow of blood about 2-3 days after the commencement of oestrus. 
The occurrence of bleeding and its significance will be discussed below 
(p. 57). 

The observations made showed that as a rule the symptoms of heat 
are more marked in the summer than in the winter and this 1s confirmed 
by the opinion of herdsmen (Appendix I (2 6)). The symptoms are also 
more marked when the cow is running loose with others than when tied 
up in the stall and also when the animal is warm rather than when she 
is cold. Like other reflexes in the body the reaction appears more marked 
when the animal is warmed up. 

There is usually a short period at the beginning of heat during which 
the animal is coming on and at the end a rather longer period when 
she is going off; at these times the symptoms of heat are less marked 
but during the remainder of the period no difference in the intensity of 
heat could be observed. 

Some animals do not exhibit such intense signs of heat as others 
(probably depending on the nervous temperament of the animal), and 
herdsmen say (Appendix I (2 6)) that in certain breeds the signs of heat 
are very slight; they also believe that heifers are as a rule more excited 
at heat than old cows. 

After coitus the reproductive organs appear to undergo rhythmical 
contractions which possibly assist the entrance of the spermatozoa into 
the uterus. Busquet(80) has pointed out that this also occurs in other 
species. 

Weber (6) has studied in great detail the symptoms of heat in cows 
and has collected the literature on the subject. He divided his animals 
into groups: (1) those with intense heat symptoms, (2) those with 
moderate heat symptoms and (3) those with feeble heat symptoms; but 
while this is true on the whole the differences due to time of year and 
circumstances make this arbitrary division almost impossible in practice. 

He states that the behaviour of cows on heat is very irregular, that 
only about 38 per cent. bellow, and that most are in a nervous irritable 
condition, many lifting and switching the tail and depressing the back. 
The jumping on other cows always occurred and a cow on heat would 
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stand still while others jumped her. Tied up cows frequently showed 
heat by dragging on their head chains and licking other cows and their 
attendants. Only animals with intense heat periods went off their food 
at this time but he could observe no change in the frequency of mic- 
turition and defaecation in such cows. 

He found that reddening of the vaginal mucous membrane, swelling 
of the genitals and a flow of slime from the vulva always took place at 
heat but that these symptoms varied with the intensity of the heat 
exhibited by the cow. These symptoms became less marked as the age 
of the cow increased. Rarely blood appeared in the secretions during 
heat but in 82 per cent. of the cows it appeared about 1-5 days after 
heat and was much more frequent in heifers than in cows. Swelling of 
the udder occurred only rarely and the flow of milk was affected in a 
few instances only(81). One case has come under our notice where the 
yield of milk was considerably reduced during heat. The rectal tem- 
perature of cows on heat was found to be slightly higher than normal (82). 

He also found that the signs of heat were more marked at the end 
of lactation when the cow was giving little milk; service by the bull 
during one heat period had no effect in intensifying the heat at the 
next period. The signs of heat were intensified by exercise and by putting 
the animal with the bull and other cows and he recommended that the 
bull should be kept tied up in the stalls with the cows. He also found 
that the signs of heat were intensified by stimulation of the vulva or 
clitoris by friction. 

Our observations would suggest that in practice where animals are 
tied up during the winter they should be loosed together or with the bull 
at least twice a day, for in some animals the signs of heat are so slight 
that they would otherwise be overlooked, the presence of other animals 
acting in the same way as “teasers” with sheep. Also by keeping animals 
warm, either by shelter or exercise, the signs of heat will be more marked. 
The occurrence of blood from the vulva after oestrus is frequently seen 
even though the symptoms of heat have not been observed (because of 
short heat periods, see p. 18), and from this it may be estimated that 
the cow will be likely to come on heat again in about 16-18 days when 
she can be closely watched or turned out with the bull at night when 
not under observation. 

After service by the bull it is advisable to keep a cow tied up or 
apart from others for frequently if this is not done she rides other cows 
and this is usually followed by straining and a flow of mucus with 
possible loss of the semen. In an excitable animal throwing a pail of 
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cold water over her after service is said to cause the symptoms of heat 
to subside. 


4, Tur ANATOMICAL CHANGES. 


Introduction. 


The anatomy of the reproductive organs in the cow has been well 
described by Franck-Albrecht(56), Schmaltz(83) and (1), Williams (84), 
Sisson (85) and Montané and Bourdelle (86) so that it will be necessary 
only to describe the variations that take place in them. 

The anatomical changes which occur in the genital organs of a cow 
during the various stages of the oestrous cycle have been studied by 
observations of specimens killed at known stages of the cycle and 
whenever possible measurements and weights have been taken to support 
these observations. Many of the changes which in the smaller animals 
could only be observed histologically can be seen with the naked eye 
in a fresh condition in the cow. 

The various parts of the generative tract will be considered first 
separately and afterwards their relations to one another will be. dis- 
cussed. 

Table VI gives a bird’s-eye view of the changes which occur in the 
appearance of the various reproductive organs at different stages of the 
cycle in heifers of 2-3 years old. 


(a) The Ovaries. 


The changes occurring in the ovary during the cycle have been 
studied by first observing and weighing the ovaries in a fresh condition 
and then, after fixation in 10 per cent. formalin, by making a moderately 
thin central longitudinal section through them with a sharp razor. 
Drawings and photographs of these sections are given in Plates I-III. 
The sections were taken so as to cut through the largest possible diameter 
of the corpus luteum or largest follicle in the ovary; measurements of 
the maximum cross diameters (av. of 3) of these have been taken by 
the use of dividers and a scale. 

In the cow both the follicles and corpora lutea are large and easy to 
measure; as a rule only one follicle ruptures at a time so that it is a 
very suitable species in which to study the relationships in size between 
the different parts of the ovary in connection with the changes occurring 
during the oestrous cycle. 

This anatomical work would, in a small animal like the mouse, be 
histological and therefore has the advantage that measurements can be 
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made without subjecting the material to the treatment necessary for 
histological examination. 

Ovulation. Ovulation occurs spontaneously in the cow; during the 
course of the investigation several cases were observed in which corpora 
lutea were found in the ovary although no coitus had occurred at the 
previous heat period. This confirms the statements made on this point 
by Ivanoff (87), Bouin and Ancel(8s) and Kiipfer (89). 

From Table VI it will be seen that ovulation occurs somewhere 
between 24 and 48 hours after the beginning of oestrus. Another cow (A 2) 
killed 30 hours after the commencement of oestrus had not ovulated so 
that the follicle probably ruptures about 40 hours after the beginning 
of oestrus. This finding is contrary to Nielsen’s(90) statement that in 
the cow ovulation occurs before or at the beginning of pro-oestrum. 
Schmid (16) found however from rectal palpitation of the ovaries that 
ovulation takes place at the end of heat, 7.e. 18-24 hours after its onset; 
some of the data given by him however show that ovulation had not 
occurred on the second day after heat began. Weber (6) killed two cows 
about a day before heat was due and in neither of these had ovulation 
taken place; another he killed on the second day of heat and in it 
described a large hazel-nut-sized cyst and a yellow corpus luteum of 
similar size which he considered had been recently formed. We believe 
however, that he mistook the old corpus luteum for the newly formed 
one (because of its size, lack of blood, and yellow colour) and the mature 
follicle for a cyst (since the ripe follicle about to burst enlarges) and that 
recent ovulation had not occurred in this animal (compare Plate I, 
Ca): | 

Krupski(91) gives a case of a cow which came on heat on the morning 
of April 10th and which when killed on the afternoon of April 11th— 
after 36 hours of heat—had not ovulated but contained a large ripe 
follicle in one ovary. He also cites another cow which was first seen on 
heat on the morning of June 17th and was killed in the afternoon of 
June 19th; in its ovary was found a newly formed corpus luteum. 
A third cow was killed 3 days after she was first seen on heat and she 
also had ovulated. Strodthoff (59) found from observations made on the 
ovaries of living cows per rectum that normally ovulation takes place 
at the end of heat but that if the heat is a long one it occurs in the 
middle of heat, 7.e. the time of ovulation is related to the onset but not 
the length of the heat period. 

As the normal heat period only lasts about 17 hours and ovulation 
does not occur until about 40 hours after the beginning of heat it follows 
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that heat itself cannot be due to the pressure of the distended Graafian 
follicle on sensory nerves as Pfliiger has suggested (see Marshall (92, p. 358), 
and that heat ends with the release of pressure which results from 
the rupture of the follicle. It also shows that the theory of the 
control of sex in cattle by service early or late in the heat period 
(based on ripeness of the egg) put forward by Pearl and Parshley (93) is 
without foundation as the egg is not shed until some time after the heat 
period is over. 

In the cow the time of ovulation (about 40 hours after the beginning 
of oestrus) bears a significant relationship to the time of maximum 
congestion of the reproductive organs, blood appearing from the vulva 
in certain animals from 48 to 70 hours after the beginning of heat. The 
dependence of ovulation on this congestion however is doubtful for in 
women ovulation occurs about 8 days after menstruation has ceased. 
The theories as to the cause of ovulation in different species have been 
discussed by Marshall (92, p. 133). In the cow Zietzschmann (26) believed 
that the rupture of the follicle was assisted by the hyperaemia of the 
genitals which occurred during heat and that this acted by adding fluids 
to the liquor folliculi causing further swelling of the follicle and also by 
causing further cell proliferation in the granulosa. Joss(94) who studied 
the distribution of the blood vessels in the cow’s ovary by means of 
injections concluded that ovulation occurred at a certain area in the 
wall of the follicle that was free from blood vessels, similar to the stigma 
or cleavage lines which occur in the ripe follicles of fowls (Kaupp (95)). 
Zschokke (40) also states that blood vessels are more numerous in the 
theca on the central side than on the peripheral side of the follicle in the 
cow, and that ovulation is sometimes prevented by a thickening of the 
tunica albuginea of the ovary following chronic inflammation, a cyst 
forming from the follicle. 

The corpus luteum. The rupture of the follicle is associated with a 
small amount of bleeding from the orifice (Plate I, C 4) and the point of 
rupture in the newly formed corpus luteum can be seen as a congested 
patch on the surface of the ovary for the first few days after rupture. 
Although generally in a few days the congestion disappears the point 
of rupture persists throughout the life of the corpus luteum as a small 
knob-like protrusion of luteal cells from the surface of the ovary and 
not until the very late stages of its involution does this disappear. 

The size (average diameter) of the corpus luteum (see Table VII) 
has been arrived at by taking the mean of three diameters—long, in- 
cluding the protrusion from the surface of the ovary; one at right angles 
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to this and a third at 45° to it—in two surfaces of the corpus luteum 
exposed by the section. 

The newly formed corpus luteum (48 hours after the beginning of 
oestrus) is only about half as large (0-8 cm.) as the follicle from which 
it is formed but it enlarges rapidly and attains full size (1-9 cm.) at or 
before mid-cycle. The heifer C2 which was killed at 8 days after 
oestrus had a normal cycle of 17 days and so represents the mid-cycle 
size. This development is maintained or slightly exceeded until three 
days before the next heat period when it begins to diminish in size 
rapidly. Old corpora lutea to the third and fourth generation can be 
traced in the ovaries and they eventually degenerate into patches of 
lipochrome pigment in the stroma of the ovary. The persistence of the 
old corpora lutea in the ovaries of cows and their transformation into 
lipochrome patches or corpora rubra have been described by Zietzsch- 
mann (26) and also by Kiipfer (89) who has made a very thorough study 
of the anatomy of the ovary and especially the corpus luteum in the 
cow. Kiipfer gives a chart showing the curves of development and re- 
gression of successive generations of corpora lutea in the ovaries of cows 
and shows that the corpus luteum reaches its maximum development 
at 10-11 days and then begins to decrease in size. Schmid (16) states 
that the corpus luteum attains full size in about 4-6 days and remains 
large until about 6-8 days before the next ovulation; the sizes of the 
corpora lutea being as follows: 1 day after heat, 0-9 cm.; 3 days after, 
1-7 cm.; 8-10 days, 1-6 cm.; 11 days, 1-9 cm. and 14 days after, 2-0 cm. 

Strodthoff (59) found from observations per rectum that the corpus 
luteum can be felt 3 days after heat; at 5 days it is well developed; 
at 12 days full size 1s reached and at the time of the next heat it can 
still be felt in the ovary. 

The colour of the corpus luteum changes during its life. When first 
formed it is pale but stained with blood and becomes cream in about 
three days; it then changes to a bright canary yellow, turning reddisn 
orange when old and as a “corpus rubrum” is frequently bright 
scarlet but sometimes brownish. Williams (84, p.17) states that the colour 
of the corpus luteum of menstruation is chocolate but the corpus luteum 
of pregnancy is orange, but this is probably due to his having examined 
early blood stained stages of the corpus luteum of menstruation only. 

The reason for the changes in the colour of the corpus luteum is 
probably to be found first in the blood content of the centre in the 
early stages and secondly in the rarity and then formation and concen- 
tration of luteal pigment which is associated with the lipoid droplets 
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deposited in the luteal cells. This pigment as Palmer and Kckles(96) 
found with butter-fat is probably derived from the chlorophyl] of plants 
and as the lipoids are deposited in the corpus luteum it is brought in 
attached to them. During the process of absorption of the luteal cells 
on involution of the corpus luteum the pigments would appear not to 
be reabsorbed with the lipoid but, remaining in the corpus luteum, 
become concentrated and give rise to the deep colour. Since certain 
vitamines are frequently associated with the colour of plants it may be 
that they also when once deposited in the body are not so easily trans- 
ferred as the substances to which they are attached. 

Escher (97) investigated the chemical composition of luteal pigment 
and found it to be practically identical with the carrotine obtained from 
green leaves and very similar to that of the yellow pigment contained 
in body fat and the yolk of hens’ eggs. 

It is notable that the colour of the corpus luteum soon fades by 
oxidation when it is kept in formalin in the light; the colour is to some 
extent brought back however if the specimens are treated with a re- 
ducing agent. The specimens shown in Plates I-III were fixed in formalin, 
passed rapidly through alcohols (for the pigment is dissolved, along 
with the lipoid, by 75 and 95 per cent. alcohol) and were cleared in a 
solution of glycerine (50 c.c.), distilled water (50 c.c.) and potassium 
acetate (2gm.). Palmer and Kempster(98) found that in fowls with 
yellow skins due to accumulation of this pigment oxidation occurs 
causing loss of colour when incoming supplies are devoted to egg pro- 
duction. 

The prevalence of the bright scarlet colour of the old corpora lutea 
in fattened animals (Marshall and Peel(53)) may possibly be due to the 
accumulation of fat causing the oxidation processes occurring in the 
tissues to be at a minimum. How far the colour of the corpus luteum 
depends on breed and food conditions, just as the colour of body and 
milk fat does, has not been determined. Corner (99) found that in pigs, 
where the body fat is normally white, the colour of the corpus luteum is 
not yellow but a light pinkish grey and only turns yellow when old. 
Kiipfer’s (89) illustrations also suggest that the corpora lutea are of 
deeper colour when the animal has been grass fed (killed in June) than 
when stall fed (killed in February). 

The corpus luteum when first formed (48 hours after the commence- 
ment of heat) contains a central blood clot (Plate I, C 4) surrounded on 
all sides except the point of rupture by luteal tissue. Delestre (100) 
doubted whether bleeding occurred in the ruptured follicle of the cow 
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but he based his conclusions on corpora lutea which were several days 
old. 

Zietzschmann (26) however states that extravasation of blood into 
the tissues occurs at the point of rupture of the follicle and possibly 
also into the cavity. Kiipfer (89) has figured freshly formed corpora lutea 
in cows showing an exudation of blood at the point of rupture. 
Zschokke (101) states that bleeding may, but does not always occur on 
rupture of the follicle in the cow. Krupski(91) found blood coagula in 
the freshly ruptured follicles of cows and believed that this prevented 
bleeding from the orifice; he found that occasionally the blood clot per- 
sisted and was seen in the corpus luteum 10 days after the last heat 
period. We have also noticed the presence of a small blood clot in the 
corpus luteum of a cow killed about mid-cycle (Plate IT, 40). 

In the next stage of the corpus luteum (Plate I, C 6—72 hours after 
commencement of heat) the central cavity becomes filled with a glairy 
albuminous fluid similar to the liquor folliculi, the blood clot being still 
visible at the point of rupture. This stage is well shown in a series of 
cows from slaughter-houses (Plate II and Table XI) which were grouped 
into stages of the cycle by comparison with the series of heifers (Plate I 
and Table VI) but whose exact period was not known. 

This stage has been described in the cow by Delestre (100); 4 out of 
12 corpora lutea of menstruation obtained at random contained a central 
cavity filled with fluid and he considered it to be a normal condition 
due to the redistention of the follicular cavity with fluid. Meyer (72) 
who found cystic corpora lutea in women concluded that their effect 
on the uterine mucosa is not different from that of other corpora lutea. 

Kiipfer (89) has described in cows a small central cavity in the corpora 
lutea of 4-5 days old and also larger cavities at 8-12 days old which 
he believed to be luteal cysts. 

Schmid (16) describes in a cow killed a day after heat a corpus luteum 
found in a not yet ruptured follicle. 

Zschokke (40) states that the newly formed corpus luteum of the cow 
has a central cavity which is filled with fluid or a blood clot. 

Krupski(91) states that, in the stage following the blood coagulum, 
the cavity of the corpus luteum becomes filled with yellow serum; he 
concluded that the central cavity becomes filled with much fluid if the 
point of rupture closes before the cavity is filled with luteal cells. These 
abnormal corpora lutea he states undergo regressive changes similar to 
those occurring in the normal ones. Williams (84, p.155) considers that 
this form of the corpus luteum exists only in cases of sterility and is 


40 Reproduction in Cattle 


due to the cystic degeneration, the luteal substance disappearing and 
a cyst forming. | 

There can be little doubt however that the stage with fluid in the 
central cavity is a normal one in the life of the corpus luteum. In other 
species a similar phase in the formation of the corpus luteum has been 
found; Sobotta (102) has described and figured it in the rabbit and Long 
and Hvans(32) in the rat. Robinson(51) has shown that in ferrets the 
follicles are normally redistended with fluid after ovulation. 

In Plate II, cows Nos. 32, 4, 34 and 21, the corpora lutea are seen to 
contain a large development of the central albuminous fluid. From 
appearances it would seem that this fluid is the same as that of the 
liquor folliculi and that after the egg is shed the granulosa cells still go 
on producing this fluid; it is not until the capillaries of the corpus luteum 
become organised that this substance is absorbed into the blood. It is 
conceivable that under certain abnormal conditions the reabsorption of 
the fluid may not occur but give rise to cysts. It may be that the pro- 
duction and absorption of this substance supplies the active internal 
secretion of the corpus luteum. It has been shown that the presence of 
ripe follicles in the ovaries has much the same but a smaller effect on 
the uterus and mammary gland than the presence of the active corpus 
luteum (Nielsen (90)). The same substance—liquor folliculi—would appear 
to be produced by both from the same cells—granulosa and then luteal 
cells—and the reason why the effect is so much greater with the active 
corpus luteum may be that here the cells are in close apposition to the 
blood capillaries while in the follicle the basilar membrane and a dense 
layer of granulosa cells separates the fiuid from the capillaries deep in 
the theca (see further p. 80 below). 

By 8 days after the beginning of heat, if not before (Plate I, C 2) 
the whole of this fluid is normally absorbed and the central cavity is 
packed with a branching plug of white connective tissue. This plug of 
connective tissue gets smaller and more condensed as the life of the 
corpus luteum proceeds but its persistence is very marked and it can 
be seen in very late stages of the corpus luteum, and often in lipochrome 
patches, as a small central white plug. In some cases the absorption 
of the central fluid does not take place completely; Kiipfer (89) describes 
two cases which he considered were luteal cysts with a central cavity 
filled with fluid 8 and 12 days after the last heat period. Delestre (100) 
has noted a small amount’ present in a cow pregnant 24 months and he 
describes the connection tissue septa which divide up the corpus luteum 
as converging to it and surrounding it. We have seen one such case in 
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which a corpus luteum of 21 days old contained a centre of albuminous 
fluid (Plate I, C 6). 

Kiipfer (89) states that in cases of twin ovulations in the cow both 
corpora lutea go through the various stages of development together 
whether both or only one embryo develops, which corresponds to the 
development of these bodies in pigs and rabbits under similar conditions 
(Hammond (103)). In cases of twin ovulation Kiipfer states that each 
corpus luteum is slightly smaller than it would be normally where only 
one developed. Fraenkel (42) has shown that in the rabbit the number 
of corpora lutea can be reduced to more than a half less than the number 
of embryos before the normal development of the latter is affected. 

The shape of the corpus luteum (see Table VII) is mainly dependent 
on pressure conditions in the ovary. It is round in the early stages but 
at the time of maximum development tends to lengthen and grow out 
of the ovary as pressure is less on this side. With the onset of the 
regression phase it again becomes round and in the later stages of the 
phase becomes flattened, or triangular if follicles develop on two sides 
of it. 

The Graafian follicle. The measurements of the Graafian follicle have 
been taken in the same way as those of the corpus luteum. In all cases 
observed (just over 60) only one follicle ripened at each period. Curot (22) 
states that twin births occur in the cow once in every 80 cases. Kiipfer (89) 
has described several cases of twin ovulations and one of three follicles 
rupturing at the same time. It may be of more frequent occurrence in 
some breeds than others. Williams(84,p.170) states that twin preg- 
nancies are most common in Friesians and rarest in Jerseys. 

The measurements given in Table VII show that the enlargement of 
the follicle that is to ripen begins just before mid-period and that a 
very gradual increase in size occurs until just after heat when a sudden 
enlargement takes place; possibly this enlargement is associated with 
the congestion of the genital tract at this time and with engorgement 
of the thecal blood vessels (but see p. 35) and culminates in rupture. 
~ Robinson (51) found that there was a marked swelling of the follicle in 
ferrets just before ovulation. Zschokke (101) found that the ripe follicle 
in the cow measures 1-1-2 cm. in diameter and Krupski(91) found that 
it was 1-3 cm. Schmid (16) found the follicles to be rather larger (possibly 
a breed difference) and says that at 3 days after heat they were 0-7 cm., 
at-8-10 days 1-2 cm. and at 14 days 1-6 cm. 

A second follicle generally follows the first in growth at a lower level 
and as a rule several others of about 0-5 cm. diameter exist in the ovary. 
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The follicle attains almost mature size (excluding the maturative 
enlargement) at 4-5 months old in calves which have not reached the 
age of puberty (Plate III, 1, Nos. 11, 12,24) as will be seenfrom Table VIII; 


Table VIII. Weghts and sizes of reproductive organs of calves 
(before first ovulation). 


Follicles 
Ovaries diameter in cm. 
Age weight in gm. ——*_ Uterus Udder 
about No. of (oo Second weight weight 
(months) animal Largest Smallest Largest largest in gm. in gm. 
2 2 1-5 1:5 0-65 0-63 22-5 220 
3-4 8 1-4 0-8 0-8 0-65 61-0 640 
4—5 24. 2-2 1-2 1-1 0-4 47-0 — 
5 12 2°5 1-2 1-0 0-7 40-0 440 
6 ll 2-9 1-4 1-2 UN 136-0 760 
0-8+ 
6 25 3:3 2-9 1-0 0-9 53-0 640 
Average 2:3 1-5 0-96 OF 59-9 540 
* In same ovary. + In other ovary. 


the age of puberty is probably reached about 9 months old. Heitz (104) 
found that follicles quite as large as ripe follicles occurred in the ovaries 
of calves 5-12 weeks old, but these did not rupture or form corpora lutea 
although some became atrophic or formed cysts. Of 75 ovaries of calves 
between 5-12 weeks old 80 per cent. contained a follicle of over 0-3 cm. 
in diameter and in four cases a follicle of 1-3 cm. diameter was found. 
These results have been confirmed by Kappeli (105). 

No explanation can be given as to why the follicles should not ripen 
at 5 months but wait until 9 months before doing so. A certain amount 
of information however may be obtained by comparing the weights of 
the two ovaries of an animal (see Table IX). In a calf of two months, 


Table [X. Relative weights of the two ovaries in calves and hevfers. 


(a) Calves before ovulation. 


Approximate age—months 2 3-4 4-5 5 6 6 
evVitiT | follicl 
CS EE ae 100 115 183 208 207 114 
Other 
(6) Hewfers during oestrous cycle. 
24 hours 48 hours 72 hours 
Period of cycle 3days 14 hours after be- after be- after be- 8 days 
before before 6thhour ginning ¢ ginning ginning after 
heat heat due _ of heat of heat -3 of heat of heat heat 
No. of animal C5 C3 CT Cli) gmk 864 C6 C2 
Sum weight of both ovaries (gm.) 12:7 8:8 9-3 9-7 5 7-2 5:8 12-9 
ith ] 
PetCo ce See ae a2] 00 £802 144 69 92 132* 81 269 


With follicle 


* Both new and old corpora lutea in same Ovary. 
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1. Ovaries of calves. 


2. Ovaries of heifers from slaughterhouses. 


3. Ovaries of experimental cows. 
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before the follicles have-begun to develop at all, both ovaries are equal 
in weight; as the follicle enlarges the ovary containing it increases in 
weight and its ratio to the other ovary increases up to about 5 months 
old but then instead of developing further the next largest follicle 
(usually situated in the other ovary) begins to grow so that the ratio 
between the two ovaries is again decreased. It would appear that the 
special nutriment available for the growth of the follicles is used to 
nourish a series and keep them all going before the largest one can 
mature. Kiipfer(89) has described the ovaries of heifers before puberty 
and found in them no corpora lutea but only moderate and large sized 
follicles; in 10 heifers killed before puberty he found that the weight of 
the ovary was roughly proportional to the number of follicles that could 
be observed with the naked eye so that growth in weight of the ovary 
at this stage was dependent on growth of the follicles. 

When the maturation of the follicle is considered in relation to the 
ovary as a whole in animals which have reached the age of puberty the 
effect of the corpus luteum has to be considered. Experimental evidence 
(see p. 23) has shown that this body hinders ripening of the follicle. 
Diagram I which shows the relative sizes of the different parts of the 
ovary at various stages of the cycle confirms this conclusion. In this 
diagram the curves of growth of the different parts have been smoothed 
as differences of age, size, time of year, etc. cause slight variations and 
sufficient material was not available to eliminate these by averages. It 
will be seen that while the corpus luteum remains large the increase in 
size of the follicle is only very gradual and that as soon as the corpus 
luteum begins to atrophy, which it does rapidly, the follicle hastens to 
mature and ovulation occurs. It would seem that while the corpus luteum 
is active it has first cali on the special nourishment supplied to the ovary 
but when it begins to atrophy the supply is then available for the largest 
follicle and its growth is hastened. 

The curve given in this diagram for the growth of the corpus luteum 
in the cow does not agree in detail with that given by Kiipfer(s9) who 
concluded that hypertrophy of the corpus luteum continues only to the 
10th-11th days and that the 11th—21st days are occupied by degenerative 
changes. His curve is a peaked one with the maximum at 10-11 days 
rather than flattened as shown in Diagram I. He agrees however 
that degeneration of the corpus luteum is rapid at the time of ripening 
of the new follicle. The weights and measurements of corpora lutea on 
which he bases his curve were however obtained from animals of different 
breeds and ages and it is shown in this paper that both these factors 
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Diagram I. Curves of growth of follicle and corpus luteum during the oestrous cycle. 
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affect the size of the corpus luteum; in our experience the corpus lutuem 
is slightly larger in old animals than in young and also in Jerseys as 
compared to Shorthorns. At 10 days old his corpora lutea had an 
average diameter of 2-6 cm. (which corresponds to our 1-9 cm. at 8 days 
as this animal was one with a 17 day cycle) and at 17 days was 2-0 cm. 
(corresponding to our 1-9 cm., 3 days before heat); the average size at 
the time of the next heat (20th day) was 1-5 cm. which corresponds 
more or less with our results. Krupski(91), who killed three cows about 
a day before the heat period was due, found the corpus luteum to have 
a maximum diameter of 1-5-1-7.cm., the ripe follicle varying from 
0-7-1-2 cm. in diameter. | 

It must be concluded that growth of the follicle does not depend 
alone on material derived from other follicles as Robinson (51) supposes 
but on some substance in the blood utilised by both follicle and corpus 
luteum. The large amount of follicular atrophy that occurs when a 
corpus luteum is present in the ovary (see p. 128) supports this view. 
Loeb (43) however found in guinea-pigs that the corpus luteum does not 
prevent ripening of the follicle but prevents ovulation; but the effect 
of the corpus luteum on the growth of the follicle (Sandes(106)) appears 
to vary in different species (see p. 27). 

Corner (107) found in sows that not more than 2-3 days before oestrus 
there was a rapid enlargement of the follicles corresponding to a decrease 
in size of the corpora lutea which commenced about 5 days before the 
heat period. 

Ovulation is not prevented by the presence of a corpus luteum in 
the ovary but by its state of development, that is whether it is utilising 
the common basis of nourishment of follicle and corpus luteum (‘‘ Genera- 
tive ferment”) or whether it has become atrophic. 

Zietzschmann (26) has pointed out that in the cow the corpus luteum 
cannot prevent ovulation mechanically as the follicle may often ripen 
in the other ovary. 

The size of the ovary. Kappeliqos) found that in cows the state of 
nutrition and early maturity of the breed affected the growth of the 
ovaries; while during the first month of life the ovary grows at a faster 
rate than the rest of the body, yet with the onset of puberty the rate of 
ovarian growth is less than that of the body as a whole. 

A study of the weights of ovaries at different stages of the cycle 
(Table VII) shows that they are influenced very largely by the presence 
of the corpus luteum which (in heifers of about 24 years old) when at 
its maximum development may weigh nearly twice as much as the rest 
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of the ovary (see difference in weight between two ovaries of heifers 
C2 andC5, Table VII). Consequently the weight of both ovaries together 
varies with the stage of the cycle, being greatest from 8 days after to 
3 days before heat and smallest just after ovulation. 

Theratio in weight of one ovary to the other is interesting (Table [X(6)). 
Three days before heat the weight of the ovary with the corpus luteum 
is twice that of the other (with the follicle) but during heat it is only 


Table X. Weights and sizes of reproductive organs of heifers 
(after 1st ovulation and before Ist calf). 


Ovaries: weight gm. 


Approx. prema oe Follicle: 
age of With Corpus luteum: diameter cm. 
animal last With diameter cm, ——_—_ Uterus Udder 
Approximate stage No.of _—*~—~ corpus largest —_—~— Second weight weight 
of oestrous cycle animal Yrs. Mths. luteum follicle New Old Largest largest ingm. ingm. 
Just before heat 14 2 4 8:3 5-5 — 17 1:3 0-4 340 1600 
1 day after heat Lh 1 6 4-5 3:6 — 1:6 1-55 0-4 280 1420 


Ovulation OX eae | ye 


2 days after heat 16 ee L 3:6 3-2 0-75 1-0 0-6 0-6 280 2380 
38 Z 15 3 0 4-0 5:8 1:3 0-9 0-7 0-6 620 2650 
12 ss 26 i 9 8:3 3:9 2-1 — 1-2 0-9 200 1600 
a7 - 37 2 0 9-2 4-8 2-1 — 1:3 0-6 255 o 
Average: 6:3 4:5 1:6 0-9 1-1 0-6 329 1930 
Table XI. Weights and sizes of reproductive organs of cows 
(after 1st calf). 
Ovaries: weight gm. 
Approx. ——_— 
stage of With Follicle: 
oestrous last With Corpus luteum: diameter cm. 
cycle Approx. formed next diameter cm. —— Uterus Udder 
days after No. of age of corpus ripening —_— Second weight weight 
heat) animal animal luteum follicle New Old Largest largest ingm. ingm. 
2 ol ? 5:0 3:5 0-9 1-1 0-9 0-8 400 1680 
3 20 Old 15-5 10-4 1-2 0-9 0-6 0-6 720 4660 
3 32 ? 6-0 4:5 1:3 — 0-9 0-9 480 3100 
4 if 8 years ? 7-5 1-4 0-6 1-0 0-6 840 8980 
5 4* 12a. 16-0 5:0 2:3 0-6 1:2 0-8 900 7820 
(calved 6 mths.) 
5 34* years 12-7 7:4 2-1 0-9 1-1 — 1C00 12000 
(calved 4 mths.) « (diseased ) 
6 Old 16-7 7:8 1:9 nk 1-4 10 + 840 7120 
8 27 Ks Tt 4:5 1:8 — 1-1 0-4 520 2480 
10 1 Over 34 years 15:5 10-5 2-0 — 0:8 — 1280 5760 
10 23 5 years 11:3 8-9 2-0 a 1-1 1:0 720 3900 
10 A4Ot 13 693 15-6 8-9 2-1 — 1-4 0-9 610 12690 
(calved 2 mths.) (diseased ) 
12 30 Old 10-0 7-0 2-1 — 1:2 1:0 960 7840 
12 5 f 12-0 7-0 2-0 1-2 0-7 600 5020 
15 19 e 9-5 4:3 rey os 1-2 0-6 340 — 
15 2 Over 34 years 7-5 3-0 1:8 —— 1:2 1-1 460 4880 
15 22 Young 16-6 7-0 2-2 — 1:3 0-9 760 3040 
Average: 12-1 6:7 1:8 0-8 1-1 0:8 714 5100 


* Shorthorn, t+ Jersey—others all Shorthorn cross breeds. 
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about 75 per cent. of its weight, this being caused by the atrophy of 
the corpus luteum in the one and growth of the follicle in the other. 
Excluding the case where ovulation occurred in the same ovary that 
contained the old corpus luteum, the ratio between the ovaries is 80 per 
cent. soon after ovulation and this rises to almost three times the size 
8 days after the beginning of oestrus, due to the formation of the new 
corpus luteum. 

Since the body weight of the cow shows no great change during the 
different stages of the oestrous cycle the significance of the great changes 
in ovarian weight is seen when the ratio of ovary to body weight is 
compared. The ovary should therefore exert its maximum influence 
over body metabolism at mid-period. This ratio of ovary weight to 
body weight may have a practical importance, as will be pointed out 
below, in determining the milking qualities of an animal. 

If in the foregoing tables (VII-XI) a comparison is made of the 
sizes and weights of the different parts of the ovary in calves, heifers 
and cows (Plates I-III) it will be seen that (with the exception that the 
maturative increase of the follicle does not occur in calves) the size of 
the mature follicle is approximately the same whatever the age. The 
maximum size of the corpus luteum however appears to be slightly larger 
in cows than in heifers and may be the cause of their rather longer 
oestrous cycles. This small increase in size of the corpus luteum however 
will not account for the large differences in weight between the ovaries 
of cows and heifers. 

There is only a little increase in the weight of the ovary (apart from 
the corpus luteum) between a calf of 6 months (ovary weight 3-1 gm.) 
and a heifer of 2 years (ovary weight 3-4 gm.) but in old cows (ovary 
weight up to 10 gm.) the increase in weight is very marked, the ovary 
without the corpus luteuzn frequently weighing from 7 to 10 gm. 
Schmid (16) has given the weights of ovaries of heifers and cows during the 
cycle and these show that the cow’s ovary is very much heavier than the 
heifer’s. The photographs given in Plates I-III show that the cause of 
increased ovarian weight is increased growth of ovarian stroma. It will 
be noticed that this increase takes place not between 6 months and 
2 years when puberty occurs, and so is not due (for proof see p. 83) to 
any growth of interstitial gland, but increases with the breeding life of 
the animal and probably consists of connective tissue growth derived 
largely from the central plug and surrounding connective tissue of the 
successive corpora lutea. This would explain why fibrous ovaries are 
so common in old females that have not been allowed to breed, since 
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the presence of a corpus luteum of pregnancy would in the cow prevent 
the formation of about 13 plugs of connective tissue in the ovary. 
Blair Bell (08) states that as a rule a woman menstruates regularly for 
about 30 years; in the case of a multipara however, the periods of 
gestation do not count, as it were, and she continues to menstruate by 
so much the longer. Kiipfer(89) has pointed out that the ovaries of ' 
heifers have as a rule a larger proportion of their follicles on the surface 
of the ovary than have cows and this may be caused by the greater 
development of connective tissue in the ovary of the cow. He has also 
shown that ovarian growth does not cease at puberty but that there is 
no direct relation between the age and the number of follicles in the ovary. 
Kappeli(105) has shown by counting the follicles in serial sections of the 
ovary that’whereas on the average the number of follicles in the ovaries 
of calves of 3 months old is approximately 75,000 it is reduced to 21,000 
in heifers of 14-3 years old and is as low as 2500 in old cows. 

Alternating action of the ovaries. Strodthofi (59) from clinical obser- 
vation, states that ovulation from the same ovary as that in which the 
last ovulation occurred is not frequent. Kiipfer(89) states that in the 
cow usually first the right and then the left ovary ovulates, but that 
this does not always occur and in some animals only one ovary is func- 
tional. He found that the right ovary has a tendency to function more 
than the left, the average weight of the right ovary being 7-15 gm. and 
the left 5-54 gm. in 45 cases in non-pregnant heifers; in 24 cases of 
non-pregnant cows the right ovary averaged 12:33 gm. and the left 
10-70 gm. This difference in weight was due mainly to differences in 
the number of corpora lutea or follicles found. Heitz (104) who weighed 
the ovaries of 75 calves between the ages of 5 and 12 weeks found that the 
right ovary averaged 1-62 gm. and the left 1-65 gm. Simon(109) who 
weighed the ovaries of 95 castrated cows (many with cysts) found that 
the average weight of the right was 25-4 9m. and the left 20-3 gm. 
Schmid (16) from 100 cows found the right ovary weighed 8-61 gm. and 
the left 6-51 gm. Kappeli(l05) from an examination of the ovaries of 
93 calves, heifers and cows concluded that on the whole the right ovary 
is heavier than the left and that the weight of the ovary is mainly 
dependent on the growth of the follicles or corpora lutea and that this 
is the reason why one ovary is heavier than the other. Krupski(91) also 
found that the ripe follicle or fresh corpus luteum occurred more fre- 
quently in the right ovary than in the left. 

In 65 per cent. of the animals we examined the follicle ripened in 
the opposite ovary to that in which the previous ovulation occurred. 
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No doubt the pressure of an active corpus luteum would tend to lower 
the chances of nutrition being favourable for development in the same 
ovary since the cells of each are of the same origin and consequently 
probably draw on the same sources of nourishment. Sandes (106) noticed 
that during pregnancy the follicles atrophied in ever widening circles 
round the corpus luteum but this he attributed to mechanical pressure 
or to an internal secretion of the corpus luteum. It is notable that in 
cases where ovulation occurs in the same ovary as the previous one 
the onset of heat is slightly delayed but the effect on the duration of 
heat is not quite so marked. 

Except for this action of the corpus luteum in rendering the chances 
of a follicle ripening in the same ovary less favourable there would seem 
to be no fundamental influence at work to regulate the alternating action 
of the ovaries and except for the influence of the corpus luteum the 
chances of a follicle ripening in the same or other ovary would be equal 
with a tendency, as shown by the results of various authors quoted 
above, for it to occur slightly more frequently in the right ovary. Possibly 
the presence of the rumen on the left side of the body hinders blood flow 
to this side as compared with the right. 


(b) The Uterus, 


The anatomy and blood supply to the uterus has been described by 
Zieger (110) who states that the cross section is usually oval when at rest 
but on erection it becomes round and the horns are shortened. 

The anatomical changes have been investigated by weighing the 
uterus, Fallopian tubes and cervix together; these were separated from 
the vagina by cutting round its wall just posterior to the external os, 
the ovaries and fatty tissue adhering to the Fallopian tubes being first 
cut away. Afterwards the body and one horn of the uterus were cut 
open and their mucous membrane examined. Table VI shows the 
changes which were observed. 

It will be seen from this table that the mucous membrane of the 
uterus does not become congested until 2-3 days after heat has com- 
menced. The first appearance of congestion occurs in the cotyledons 
which are slightly pink just after heat ends (24 hours after the be- 
ginning of heat) at which time the general surface of the uterus is still 
pale. Forty-eight hours after heat commences the cotyledons are quite 
congested and red: but the general surface does not show any change 
and it is not until 72 hours after the beginning of heat that the general 
surface of the uterus becomes bright red and congested. Even at this 
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time there is not congestion of the entire surface and the red patches 
appear in streaks between the cotyledons. By 8 days after the com- 
mencement of heat the congestion has disappeared leaving only a 
yellowish brown coloration where it has been most intense, namely on 
the cotyledons. At other periods of the cycle before the onset of heat 
the general uterine mucosa and the cotyledons are quite pale. During 
oestrus a thin lymph-like fluid is seen on the general surface of the 
mucosa, this being probably a secretion of the uterine glands. This 
fluid in the uterine cavity at the time of oestrus has been observed by 
Long and Evans(32) in the rat and by Gerlinger(111) in other species; 
he believes that it serves the function of allowing the spermatozoa to 
swim freely and so ascend the female generative tract. 

Emrys-Roberts (112) found a watery secretion tinged with blood in 
the uterine horn of a cow killed in a pro-oestral condition but we have 
never seen blood at this stage of the cycle. He states that the secretion 
in the pro-oestral condition was watery in comparison with the somewhat 
mucoid condition in the resting state. Schmid(16) states that in cows 
there is bleeding into the cavity of the uterus; he found blood and slime 
in the uterus of a heifer that was on heat the day before. 

Weber (6) took two cows that had previously bled after their heat 
periods and killed one a day before heat was due, in this the uterus was 
pale and contained a little clear fluid; the other he killed a day after 
heat and found that the mucosa of the uterus was swollen, yellowish and 
darker than normal, no blood but only clear mucus being present in 
the uterine cavity. 7 

Zietzschmann (26) states that in heifers during heat the glandular 
secretion reaches a maximum and extravasation of blood occurs in the 
uterus after the high point of heat has been reached; blood accumulates 
in the subepithelial mucosa and here and there penetrates into the 
uterine cavity and colours the mucus. 

Utz(113) found in a cow at the time of heat the cavity of the uterus 
contained secretion stained with blood and that the horns of the uterus 
were more congested than the body and that the cotyledons showed the 
greatest congestion which he considered was the source of the blood of 
the uterus. 

Kiipfer (89) figures one case of a cow with a newly ruptured follicle 
in the ovaries in which the cotyledons of the uterus were very congested; 
he states that uterine bleeding does not occur in all cases where there is 
a fresh corpus luteum in the ovary. Krupski(91) and (4) states that 
bleeding occurs in cows at the end of heat. He found blood-stained slime 
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in the uterine cavity and blood coagula on the cotyledons but states 
that they vary considerably in different individuals, bleeding being much 
more frequent in heifers than in cows (see p. 57). In old animals when 
the congestion was not so marked it was frequently confined only to the 
side on which ovulation occurred, but this we are unable to confirm. 
In a cow killed 36 hours after heat had commenced he found that the 
uterus was swollen and contained clear mucus in the cavity. In a cow 
which was on heat on the morning of January 17th and was killed in 
the afternoon of January 19th he found the uterine mucosa, and espe- 
cially the cotyledons of both sides, congested. In another cow killed 
3 days after heat the uterus was normal, but one killed 4 days after heat 
showed blood coagula on the cotyledons of one horn of the uterus only. 

The relation of the time of congestion of the uterus to the time of 
the appearance of blood from the vulva is a matter of some importance 
in determining the origin of the latter for at 72 hours after the com- 
mencement of heat the blood vessels of the uterus were still congested 
and had not broken down while in the majority of cases (see Table XI) 
bleeding occurs from the vulva from 48 to 74 hours after the be- 
ginning of oestrus. This together with other findings (see p. 57) suggests 
that the external bleeding in the cow is derived mainly from the vagina 
and not from the uterus. The occurrence of the brown pigment in the 
cotyledons after the time of congestion points to the absorption of the 
extravasated blood an situ (as Marshall (54) found in the sheep) rather 
than its evacuation by bleeding. It might be imagined that the pro- 
oestrous bleeding followed by oestrus such as occurs in the bitch is 
telescoped in the cow owing to the quickness with which cycles follow 
one another, but we believe that this 1s not so for bleeding in the cow 
rarely occurs before 48 hours after the commencement of heat at a time 
when desire has ceased and ovulation has occurred. 

The weights of the uterus in different animals are shown in Tables 
VIII, X and XI. With caives (Table VIII) the variation in weight is 
from 23 gm. at 2 months old to 136 gm. at 6 months old, the average 
at 4 months being 60 gm. 

In virgin heifers (Table X) the weight varied from 200 gm. at 1 year 
9 months old to 620 gm. at 3 years old, the average at 2 years 3 months 
old being 330 gm. 

In cows which had produced a caif (Table XI) and which varied 
considerably in age the weight of the uterus varied from 400 gm. to 
1280 gm., the average being 714 gm. Hess(41) states that in Simmental 
cows it averages 700-800 gm. Sommer (115) found that while in virgin 
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animals both horns of the uterus were equal in size, in cows which had 
produced calves one side (usually the right) was larger than the other 
owing to the development which had taken place in pregnancy (preg- 
nancy being more frequent on the right side). 

Within each of these three groups—calves, heifers and cows—there 
is much less variation (except in cows) than there is between the different 
groups, which is to be expected, for it has been shown that the develop- 
ment of the uterus depends on the ovaries, ovulation and the formation 
of the corpus luteum being responsible for the rise from 60 gm. in calves 
to 330 gm. in heifers. The further rise to 714 gm. in cows is probably 
partly due to the further activity of the corpus luteum developed in preg- 
nancy and partly as a reaction to the growth of the foetal membranes. 

The weight changes of the uterus during pregnancy will be discussed 
later (p. 129). 

Mayer (116) who investigated the effect of the ovaries on the growth 
of the uterus in rabbits concluded that its growth was not dependent 
on the ovaries during foetal and infantile life but was so after puberty. 
He based these conclusions on the size to which the organ involuted 
when the ovaries were removed at different ages. 

Unfortunately the weight of the uterus in all the heifers killed at 
different stages of the oestrous cycle were not taken but in those of which 
records exist the differences were small. The great variation in the 
weight of the uterus in cows may be due in part to the sub- or hyper- 
involution of the uterus after pregnancy. 

Servatius (117) however found that involution normally takes place 
quickly, the uterus at the 4th day post-partum being reduced to half 
its size and by the 8th day to a third and by the 14th day it is practi- 
cally normal in size. 

Sommer (115), who investigated the involution of the uterus in the 
~ cow, found that about an hour after birth it weighed 10,000 gm., two 
days post-partum about 6700 gm., five days post-partum 3400 gm. and 
after four weeks about 576 gm., the normal weight. The weight then 
usually diminished gradually until 6-7 weeks after parturition when it 
may be under normal weight (super-involuted), a condition which is 
associated with lactation in many species (Loeb(118), Hammond and 
Marshall (24)); the weight of the virgin uterus he found to be 220 gm.; 
Hilty (119) also gives the weight of the uterus under different conditions; 
in a heifer of 17 months it was 128 gm., in a cow pregnant 6 weeks 
890 gm. and at the 16th, 21st, 29th and 43rd day after parturition it 
weighed 1250 gm., 1150 gm., 980 gm. and 760 gm. respectively. 
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Albrechtsen (120) from clinical observations concluded that involu- 
tion is finished in 3 to 4 weeks when the cow normally comes on heat 
again; he also states that heat is often delayed after this time and this 
is caused by incomplete involution of the uterus. We however believe 
that delay both in the onset of heat and in the involution of the uterus 
in such cases is caused by the retarded atrophy of the corpus luteum. 

The involution of the cotyledons after parturition Sommer also found 
to be very rapid; the average weight of a cotyledon one hour after birth 
was 70 gm., 2 days post-partum 26 gm. and by 5 days after they had 
become quite small, being practically back to their normal size by 
9 days after parturition. 

The maximum size of the cotyledon (mm.) in the cow attained under 
different sexual conditions was found by Hilty (19) to be as follows: 


Length Breadth Height 


Virgin heifer 17 months 6 8 3 
Cow pregnant 6 weeks 9 4 3 
¥ Oa es; 18 9 6 
a i eae 22 13 16 
9 [ane 31 19 11 
; 20 2s 59 38 19 
5 26 Cs, 78 34 26 
Cow 3 days post-partum 74 50 Wi 
si ed ss 45 36 13 
9 AO ve 25 13 6 
Pte 3 a 13 12 4 
i ell 3% 13 11 4 
»° 29 oo 10 6 4 
» 43 *s 10 3 4 


Thus it will be seen that during pregnancy growth is made by the 
uterus which is never entirely lost again and since the cotyledons regain 
their normal size the difference probably lies in the muscular develop- 
ment and its associated connective tissue and blood vessels. 

Sommer gives the average number of cotyledons as 113 and states 
that they vary from 94 to 142. Craig(17) states that they are most 
numerous in the horns and fewer and smaller in the body of the uterus. 
Rainar dsaid he could only distinguish between 30 and 40 cotyledons in the 
uterus of heifers but after parturition 100 or more, but Williams (84, p. 135) 
states that this is due to their inconspicuousness in females which have 
not been in oestrum or pregnant and that if they were developed after 
birth they would tend to be irregular, but this is not so. Craig (17) 
states that the cotyledons are arranged in rows: 4 series in the body, 
3 in the middle of the horns and 2 at the anterior extremity. This we 
are able to confirm. 
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The relation of the ovary to the opening of the Fallopian tube in 
the cow has been described and figured by Zucherkand](121) and the 
structure of the Fallopian tubes by Schmaltz(83) who found that this 
varied slightly in different regions. 


(c) The Cervix. 


The cervix of the cow, which is about 4 inches long, has a very firm 
thick wall and the lumen is spiral in form with four annular ridges or 
folds (sphincters). The internal surface of the cervix is covered with 
lamellae or, as described by Franck-Albrecht (56), “palma plicatae”’ of 
wrinkled mucosa, the whole mucous membrane functioning as a mucous 
gland. A very complete description of the anatomy of the cervix, with 
illustrations, has been given by Williams (84, p. 28) who states that a study 
of the cervix of the cow is sufficient to refute allegations of the entrance 
of the penis into the cervical canal which is an anatomical impossibility 
as the channel is very small and twisted. Albrechtsen (120) also figures 
the appearance of the external os in the cow. Rigidity of the cervix in 
the cow is not a pathological but a physiological condition (Paimans (122). 

It is a very difficult and tedious operation to insert even a very thin 
catheter into the os of a cow; hence the difficulties of artificial insemina- 
tion in the cow as compared with the mare where the os is compara- 
tively large. Albrechtsen (120) however states that during oestrus the os 
is more open and a large catheter can enter it; we however have been 
unable to insert a probe the whole length of the cervix under these con- 
ditions but only into the external part. In order to obtain entrance the 
catheter has to be inserted with a rotating movement. 

The changes occurring in the cervix at different stages of the oestrous 
cycle are shown in Table VI; it becomes congested during oestrus, 7.e. 
slightly before the uterus and the congestion, which is not very marked, 
disappears 48 hours after the commencement of oestrus. Williams (84) 
states that the muscular walls of the cervix relax during oestrus and 
the cervical canal dilates. Weber(6) found that during heat the os was 
always more or less open. 

One of the chief characteristics of the cervix is the mucous secretion 
(or slime) which it produces, the amount and consistency of the mucus 
varying with the stage of the oestrous cycle. The mucus produced is 
very thick and viscid and a relatively small amount is formed from 
3 days after heat to 3 days before the next one. Just before heat it 
becomes fluid and large quantities are formed; during heat it is very 
thin and clear, becoming thicker and rather whitish, due (see p. 99) 
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to the admixture of leucocytes and debris, 48 to 72 hours after the 
beginning of heat. 

Emrys-Roberts (112) found that in the cow the profuse mucinous 
secretion during pro-oestrus 1s derived not from the body of the uterus 
but from the cervix and vagina. Krupski(91) found in cows killed at 
the time of heat that the os was open and contained clear fluid slime. 

Bland Sutton (23) has figured and described the production of mucus 
by the cervical epithelium in Macaque monkeys and also in woman. 

Blair Bell (124, pp. 49, 67, 70) states that in woman mucus 1s secreted at 
the beginning of the menstrual flow and he figures mucous glands in 
the cervix very similar to those observed in the cow. Stockard and 
Papanicolaou (30) found that in the guinea-pig the vagina is filled with 
a clear frothy mucus at the beginning of heat in addition to the 
vaginal plug found after coitus in these animals. Keller(125) found a 
mucous secretion from the cervix of the bitch at the time of heat. 

The significance of these changes in the cervix during the cycle will 
be seen when comparison is made with that of the pregnant animal 
(see p. 164) in which the entire cervix is plugged with a large quantity 
_ of very thick sticky mucus. The oestrous cycle may be likened to pseudo- 
pregnancy or a miniature pregnancy culminating with oestrus instead 
of parturition, the changes occurring being similar although less in degree. 

During the middle of the cycle the cervix contains thick mucus, 
developed probably as a result of the action of the corpus luteum, but 
in smaller amount (corresponding to the smaller duration of the corpus 
luteum) than in pregnancy. Just before heat and similarly just before 
parturition the cervix dilates and the mucus liquefies and streams 
down the vagina to the vulva. In the latter case (parturition) the passage 
of the cervix is dilated and lubricated for the passage of the foetus while 
in the former case (heat) the dilution and flow of mucus allows a free 
passage in the cervix and forms a liquid medium in which the sperma- 
tozoa can swim freely on their way to the Fallopian tubes. 

Possibly one of the reasons why acidity of the vagina is a cause of 
sterility is due to the action on the consistency of the mucus of the 
cervix; mucus in a slightly acid medium becomes tough and stringy 
while in a slightly alkaline one it becomes fluid. Hence the benefits 
obtained by washing out with dilute alkalis before service. 

Dr H. E. Woodman has confirmed by chemical tests the fact that 
the cervical secretion consists almost entirely of mucin and is now making 
a study of its properties in detail. 
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(d) The Vagina. 


Williams (84, p. 33) states that in the cow the vagina is about 22 cm. 
long and that during manual exploration of the organ, more especially 
at the time of oestrus, it becomes ballooned owing to an inflow of air 
at the moment of inspiration. The details of the anatomy of the vagina 
have been well described by Schmaltz (83). 

Normally no hymen exists, but Baumgartner (126) has described it in 
a foetus of 22cm. long and occasionally it persists in adult animals 
causing retention of the secretions (white heifer disease). 

The vagina may be roughly divided into three areas. The portion 
next the os is very like the latter in the character of its epithelium (one 
or two cells thick) and in appearance, being very wrinkled and thrown 
up into ridges. The portion between the vulva and the opening of the 
urethra is covered with stratified epithelium very like the mucous 
membrane of the mouth. The portion just above the urethra combines 
the character of these two parts. Owing to the variation in the char- 
acters of the different parts of the vagina a separate description of each 
is given in Table VI which shows the changes occurring during the 
oestrous cycle. 

In slaughtered animals the portion next the vulva nearly always 
shows a deep red colour some way under the surface owing to the large 
number of blood vessels supplying the clitoris and labiae; the surface 
capillaries however show some dilation just before and more especially 
just after the period of oestrus. The main area of congestion in the 
vagina however is just above the urethra. This is very slightly con- 
gested just before heat; the congestion becomes more marked during 
heat, 1s very congested 24 hours after heat and reaches its maximum 
engorgement 48 hours after the beginning of heat when in certain 
animals bleeding takes place. Similar changes but to a smaller degree 
take place in the upper end of the vagina, the mucous membrane being 
quite pale until during heat it is slightly congested and this rises to a 
maximum with, in many cases, bleeding 48 hours after the beginning 
of heat. 

The vaginal secretions of all cows do not contain blood after oestrus. 
Of 18 heifers ranging in age from 14 to 3 years old 12 bled regularly, 
one (C 2) occasionally and 5 not at all. In the 4 cows observed no sign 
of bleeding was seen. This is in agreement with the opinion of herdsmen 
(Appendix I (3)); some say that cows in good condition bleed more than 
others but the majority consider that there is no difference in this respect. 
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Whether different breeds vary is not known but two Guernsey herdsmen 
have informed me that bleeding is not very frequent in their breed 
whereas Friesian and Devon herdsmen have told me that practically 
all their heifers and most cows bleed. Weber(6) found that heifers bled 
more frequently after heat than cows and that service has no effect on 
this post-oestral secretion (see p. 167); bleeding appears after the animals 
have been served by the bull in the same way as in those which have 
not been served, but like menstruation in women it ceases during 
pregnancy. | 

Krupski(91) found that out of 73 heifers killed within four days of 
heat 55 bled and of 79 cows killed during the same period 38 only 
showed signs of bleeding; the cause of the less frequent bleeding in cows 
he attributes to the thicker blood vessels of the uterus of animals which 
have been once pregnant. 

In our opinion however the bulk of the blood flow comes from that 
part of the vagina situated just above the urethra but small amounts 
may be derived from other sources, uterine and cervical as well. Why 
bleeding should be more frequent in heifers than in cows and occur in 
some individuals and not in others is probably dependent on the thick- 
ness and toughness of the epithelium which increases with age, since 
extravasation of blood occurs in the tissues of most. Also the pendant 
(abdominal) position of the uterus and vagina in cows as compared with 
its pelvic position in heifers would tend to prevent the flow from the 
vulva in old animals. 

The presence or absence of bleeding does not seem to be correlated 
with the intensity of heat (although Weber(6) and some herdsmen 
(Appendix I (3)) believe this is the case) for most cows which show 
symptoms of intense heat do not bleed whereas heifers showing only 
slight symptoms frequently do so. 

The time after the beginning of heat that blood appears from the 
vulva varies in different individuals and in different cycles of the same 
individual as will be seen from Table XII. The average time that 
blood appears is 62 hours after the beginning of heat, the range of 
variation being from 46 up to 80 hours after the commencement of 
oestrus. 

In those heifers which do bleed the duration of the blood flow appears 
to be greatest after a long cycle (see Table XII) so although whether 
or no an animal bleeds does not depend on the length of the cycle yet 
if she does bleed the intensity of the bleeding would appear to be de- 
pendent on the length of the cycle. 
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Table XII. Relation of blood flow to oestrous cycle in heifers. 


Details of each cycle Average for individuals 
o Time that Duration 
Length of Duration of bleeding occurred Blood of 
cycle oestrus after beginning Duration of Cycle Oestrus after bleeding 
: hrs. hrs. of oestrus bleeding hrs. hrs. oestrus hrs. 
I — — 3 days — — — 3 days = 
2 — — 2 days, 2 days — — — a 6 35 
2 days, 2 days 
o as — 3 days aa ing a Sais, oe 
1 — , 502 19, 20 3 days, 4 days 1 day, abt. 514 19 80 hrs. 16 
526 18 70 hrs. 12 hrs. 12 hrs. 
Hours Hours 
2 AQT ef 46 12 A427 ii AD eo 12 
4 — , 432, 470 16, 12, 12, 10 45, 52, 74 —,—, — 454 14 COm, — 
_ 440, 490, 436 22, 12 58, 74, 58 —,—,— 
5 — , 436, 428 14,16, 16, 16 74, 63, 58 12, —, — 440 18 50a 12 
458, 488, 442 18, 30 50, 48, 62 —,—,— 
6 — , 424, 412 14,14,18, 8 67, 66, 74 —,—,— 434 16 Goan. — 
456, 454, 424 22, 22 64, 72, 64 —,—,— 
7 — , 436, 474 22, 22, 18, 22 60, 55, 62 ——,— AT3 21 GON ae 
508 65 
5 abt. 508, 544 14, 10 60, 48* 60 (18) 544 12 54 ,, WAL) 
82* (16 
6 abt. 432, 448 20, 14 58, 50* 18 (14), 20* (6) 448 47 D4 ,, 19 (10) 
7 abt. 464, 464 20, 20 60, 62* 12 (12), 16* (16) 464 20 Olas 14 (14) 
8 abt. 456, 502 10, 18 62, 64 07 (6), -81 (8) 502 14 OSe 6; i (7) 
* After fertile service. ( ) Continuous bleeding. 
Grouped by length of cycle. 
Average 
onset of bleeding 
Average Average from beginning Average 
Cycle length cycle length duration of oestrus of oestrus duration of bleeding 
hrs. No. hrs. hrs. hrs. hrs. 
520-560 2 535 14-0 59-0 47-0 
A80-520 5 502 19-2 71:8 26:7 
440-480 10 459 17:0 61-8 13-7 
400-440 12 430 15-4 58:3 15-0 
Individual averages grouped by cycle. 
Longest 10 AT5 17-4 62:3 37 
Average 6 439* 16:3 60-2 —_ 
Shortest 8 442 12-2 47-7 28 


* Some individuals not represented in average group. 


From Table XII it would appear that on the average the longer the 
cycle the longer it takes for blood to make its appearance after the 
beginning of oestrus. It has been shown above that a short cycle is 
associated with a short oestrus, or the end point of oestrus is hastened, 
and correlated with this the onset of bleeding is hastened and its duration 
shortened. As the shortened oestrus has been shown to be associated 
with the abbreviated effect of the corpus luteum it is natural to con- 
clude that the bleeding is the result of the same cause since it behaves 
in the same way (see p. 21). These conclusions obtain support from two 
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facts elucidated in the rabbit: (1) that congestion of the uterus occurs 
at the end of pseudo-pregnancy (Hammond and Marshall(60)) and 
(2) that the time of abortion after removal of the ovaries in pregnant 
rabbits increases with the period of pregnancy (24) for as has been pointed 
out above it is considered that the changes occurring at oestrus, the end 
of pseudo-pregnancy and parturition are similar in kind but vary only 
in degree. | 

The portion of the vagina situated next the os undergoes very 
similar changes to those that occur in the cervix, the consistency of the 
mucus produced being thin during heat but becoming thick 3 days after 
it and remaining thick until just before the next oestrus. The mucus 
lying in the area differs from that of the cervix however in that it 
contains in addition the products of the vagina—blood and leucocytes 
—so that during the middle or end of heat, it contains yellowish lumps 
of leucocytes and 48 hours after heat streaks of blood from the vaginal 
walls. Later, 3 days or more after heat it becomes dark brown, the 
colour being due to the decomposing blood. Weber (6) states that in all 
except one of the cases of cows observed during oestrus the slime from 
the vagina was clear or serous; the one exceptional case had blood stained 
mucus but this animal had a vaginal cyst. 

We have occasionally observed a trace of blood in the secretions 
during oestrus after service by the bull (see Appendix IT, p. 203) but this 
condition is not usual. 


(e) The Mammary Glands. 


Good accounts of the structure of the udder of the cow have been 
given by Fiirstenberg (127) and more recently by Zietzschmann (128) and 
Rubeli (129). 

The udder of the cow, which consists of four quarters or glands, is 
supported by a central band of connective tissue which forms a com- 
plete barrier between the left and right sides. Bitting (130) states that 
each gland is enclosed in a capsule of elastic tissue which yields readily 
to change of form produced by the filling and emptying of the gland. 

Supernumerary or rudimentary nipples and glands may exist 
(Schikele (131)) and many have been observed in the course of this in- 
vestigation (see Plate XX VIII, 3). Bitting (30) states that these rudiment- 
ary glands, which may vary in number from | to 5, are generally situated 
posteriorly to the hind nipples, occasionally occur between the fore and 
hind nipples and are very rarely seen in front of the fore quarters. These 
supernumerary glands spoil the shape of the udder and occupy space 
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that would be better filled by development of the normal glands. Both 
Henneberg (132) and Burckhard (133) found that supernumerary teats in 
cows were very frequent, about 38 per cent. of all cows having them. 
They found that the supernumerary teats may vary from 1 to 4 in 
number and are usually situated behind the normal nipples but may 
occasionally occur between the normal ones. Rather over 50 per cent. 
of the cows in this country have supernumerary teats (134). 

Henneberg found that they occurred in certain breeds more fre- 
quently (Fleckvieh in 53 per cent.) than in others (EK. Friesian and 
Dutch 27 per cent.) and as the latter breeds are those which have been 
specialised for milk production, he concluded that their presence is not 
associated with large milk production but that they lower the milk 
yield by causing the other glands to be smaller than normal. 

Burckhard (133) found that the accessory teats occurred in both sexes 
and he has figured many cases of supernumerary nipples on the scrotum 
of bulls. A case of the inheritance of supernumerary nipples from a bull 
to his daughters has occurred at the University Farm, Cambridge, within 
the last few years. Bell(135) has shown that supernumerary teats 
are strongly inherited in sheep. 

The fore- and hind-quarters on each side are quite separate as can 
be seen by injecting each with a different coloured gelatine solution, as 
has been shown by Bitting (130). Rubeli(i29) seems to doubt this however, 
but the better results obtained by “cross milking”—+.e. right fore and 
left hind milked together—may be explained by means (see p. 63) other 
than connection between the fore- and hind-quarters. As a rule the 
hind-quarters are rather larger than the fore-quarters, as can be seen in 
stained sections of glands in the earlier stages of development before 


Table XIII. Amount (c.c.) of milk obtained from different quarters 
of the udder. 


Average of 4 days’ milkings, quarters milked in different order each day. 


Morning Evening Total 
av_0 oo eee, ——— 
Right Left Right Left Right Left 
Cow Fore Hind Fore Hind Fore Hind Fore Hind Fore Hind Fore Hind 


Shorthorn: 12th week oflactation 1275 1357 1100 2082 797 862 722 1425 2072 2220 1822 3507 
Jersey: 15th “4 1432 10382 712 1820 987 1120 550 1285 2420 2152 1262 3105 


Percentage of total milk obtained from the udder. 


Right side Left side Both sides together 
Fore Hind Fore Hind Fore Hind 
Shorthorn 21-6 23:1 18-9 36-4 40-5 59-5 


Jersey 27-0 24-0 14-0 30:0 410 - 59-0 


PLATE IV 


1. Udder of calf. 
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2. Udder of cow. 
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they have grown sufficiently to interlock; this can also be determined 
by the amount of milk that can be obtained from each. Table XIII 
shows the amounts of milk produced from different quarters of the same 
cow and it will be seen that the fore-quarters yield approximately 40 per 
cent. and the hind 60 per cent. of the milk produced; in only one case 
was a fore-quarter better developed than the corresponding hind-quarter. 
Beach and Clark (136) found that on the average of 15 cows the fore- 
quarters yielded 42 per cent. and the hind-quarters 58 per cent. of the 
total yield. Bitting(130) states that as a rule the fore-quarters end 
abruptly but the hind-quarters are usually prolonged upwards and 
backwards to a point; this we can confirm. 

How far the shape of the udder as seen to external appearances 
affects the development of the glands is not known. No opportunity 
has been obtained of measuring the amount of milk produced from the 
fore- and hind-quarters of the typical Ayrshire udder which is long and 
flat and comparing it with the amounts produced from the quarters of 
the typical Jersey udder which is rounded. The efforts of Friesian 
breeders have been directed towards increasing the width of the udder 
rather than its length. Plumb(137) states that the yielding capacity 
of the udder can be increased by extending the fore-quarters but he 
gives no data to support this statement. Whether the prolongation of 
the fore-quarter in a well-shaped udder is caused by additional gland or 
by fat development is not known. Investigations of this point would 
show how far the standards of excellence of shape of the udder set up 
by breed societies were of economic importance. Hansen(13) and 
Hckles (138) have figured many udders of abnormal shapes but they give 
no data of the amount of milk produced as a result. Zwart (139) found 
that the milk pressure was capable of increasing much more in rounded 
udders than in flat ones. 

The milk cistern is large in the cow and Wing(140) states that it 
holds up to half a pint of milk. Wirz(14i) quotes Fleishman to the effect 
that the size of the cistern is 250c.c. and he himself measured the 
holding capacity of the udder by injecting gelatine; one fore-quarter 
took 1380 c¢.c. and a hind-quarter 1360 ¢.c. the total capacity of the 
udder being 5510c.c. These facts are of importance in determining 
whether or no milk is produced during the process of milking beyond 
that of the storage capacity of the udder. We have taken casts of the 
milk cistern in plaster of Paris and found it to be 400 c.c. in one case 
of fairly large size; the size of the cistern however varies greatly in 
different individuals and in different quarters of the same udder. 
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Rubeli(i29) divides the cistern into two parts—the teat portion which 
is cylindrical and the gland portion which is variously shaped but 
usually short and broad; the line of junction between these two parts 
is constricted by a band of connective tissue and circular veins. 
Bitting (130) found that the cistern may be more or less divided into 
pockets by constrictions (see also Paulli(l42)) and that the size of the 
milk cistern may vary greatly in different udders; he figures one in which 
the gland area is large but the cistern small and another in which the 
cisterns are large but the gland area poorly developed. 

The practical importance of these facts is probably that an udder 
with a large gland but small duct system may suffer a greater decrease 
in rate of secretion after a long interval between milkings owing to the 
high milk pressure produced. Nevertheless Fiirstenberg (127) from an ex- 
amination of two cases concluded that the size and form of the milk 
cistern has no effect on the amount of milk secreted. 

There is much room for investigation of the way in which the duct 
and alveolar area varies with the stage of lactation and the effect of 
milking at different intervals in connection with it. 

Bitting (130) found that the large ducts anastomose freely but the 
small ones do not. Riederer (143) found that the number of large ducts 
entering the cistern is usually 9-11 but Zwart(139) found 15 in a Dutch 
cow. Whether the number of these bears any relation to the yield of 
an animal is not known. Wirz(141) states that the number of large 
ducts entering the cistern is usually 8-12 and by injecting a metal alloy 
into the nipple he was able to obtain casts which showed a neck-like 
constriction of the mouths of the ducts next the cistern and beyond 
this a dilation from which many secondary ducts originated, these also 
having constrictions at their point of entrance into the main duct. 
Both Bitting (130) and Wing (140) state that the branching points of all 
ducts both large and small are governed by sphincter muscles but that 
_ they cannot be entirely closed; by means of these the cow is able to 
“hold up” her milk. 

Niiesch (144), Zwart(139) and Zeitzschmann(145) have put forward 
theories as to how the milk is held up by cows and they all agree that 
it is effected by erection by the vasomotor system through reflex action, 
but do not agree as to the exact way in which it is produced. We have 
examined histologically the mouths of the large ducts leading from the 
milk cistern and have found much smooth muscle tissue beneath the 
epithelium of the cistern and round the mouths of the ducts but not in 
the upper part of the ducts. The muscle at the mouths of the large ducts 
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appears to surround blood vessels rather than to form a circular 
sphincter round the exit of the duct. These facts have a bearing on the 
mode of action of pituitary extract on the milk flow (see Hammond (146) 
and Gavin (147)). 

Christ (148) describes a plentiful supply of elastic fibres round the 
alveoli, ducts and cistern and also describes muscle fibres as numerous 
round the ‘‘stricht-canal” of the teat, less plentiful round the cistern and 
large ducts and only occasional fibres between the alveoli. The latter 
we believe are in connection with blood vessels rather than the milk 
ducts. 

Wirz(141) and others have shown that the milk ducts are surrounded 
by a network of elastic fibres and he believes that the collapse of the 
mammary gland on milking is brought about by elasticity such as occurs 
in the lungs and is not due to any muscular contraction. This would 
explain why quick milking is usually attended by a greater flow 
(Bitting (49) and Crowther (150)) and why the quarter milked first usually 
gives the largest yield (Beach and Clark (136) and Kmery(151)) and the 
highest percentage of fat (Crowther (50)). These facts we can confirm. 
If elastic recoil is the origin of these variations in amount and com- 
position as a result of quick milking it would be expected that the varia- 
tions would be greatest in the earlier stages of lactation when the largest 
amounts of milk are produced. Sticker (152) has called attention to the 
elastic fibres in the walls of the milk ducts of the cow but describes no 
muscular fibres. It appears probable that the flow during milking is 
assisted by all three factors, the muscular walls of the cistern con- 
tracting, the erection of the blood vessels causing pressure on the alveoli 
and the elasticity of the duct walls assisting the flow from them. 
Niiesch (144), Zwart (139) and Zeitzschmann (145) have described the flow 
of milk in the cow as occurring in two parts: (1) a small continuous 
secretion during the interval between milkings and (2) a rapid secretion 
during milking, but how far this appearance is due to the anatomical 
structure of the gland in controlling the rate and composition of the 
flow has been discussed by these authors and it would appear to afford 
a profitable sphere of investigation from an economic point of view. 
Rubeli (129) states that on filling the udder with fluid (formalin or alcohol) 
only about 60-70 per cent. of the milk yield obtained at a milking can 
be forced in. 

Bitting (30) states that the size of the nipple is independent of the 
size of the gland and that it is very elastic and provided with a 
copious vascular system; the nipple under excitement such as occurs in 
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nymphomania or sometimes during milking may become turgid or erect; 
this is produced by the arteries becoming distended with blood. In a col- 
lapsed state the walls of the canal of the nipple lie in longitudinal folds 
which are obliterated when the teat is fully distended. Rubeli(127) 
describes the nipple between milkings as having a small cavity and 
engorged veins but during milking the cavity is filled with milk and the 
veins are comparatively small. Bitting (130) states that an averaged sized 
teat holds 1-1} oz. of milk. The size of the nipple varies considerably 
in different individuals and breeds, being small in the Ayrshire and 
Jersey and large in the Red Poll and Friesian. The nipple is closed at 
its apex—the “‘stricht-canal’’—by a strong sphincter and at its junction 
with the milk cistern also there is a constriction. Bitting (130) states 
that this upper constriction cannot completely close the canal and that 
occasionally there is a third constriction nearer the cistern; these upper 
constrictions are usually involved in cases of imperforate quarters and 
we have observed this in one case in which the nipples were injected with — 
different coloured gelatines. Constrictions of this sort in the teat of the 
cow have been described and figured by Hug (153). 

The structure of the nipples in the cow has been well described by 
Fiirstenberg (127) who first figured the rosette formed by the folds of 
the mucosa between the “‘stricht-canal” or narrow opening of the teat 
and its hollow cavity; a detailed histological account of the ‘‘stricht- 
canal” has been given by Matikowski (154). 

The changes in the form of the cavity of the teat and the vascular 
network of the nipple during the act of milking are well illustrated by 
Rubeli(i29) and Reiderer (143) has given a detailed account of its ana- 
tomical and histological structure. 

Kappeli(i55) investigated the comparative structure of the teat in 
many of the domestic animals and found that the muscular sphincter 
occurs mainly in those species with large milk cisterns. 

Both Fiirstenberg (127) and Riederer (143) describe the nipple as con- 
sisting of two parts, a lower portion without hair and an upper portion 
covered with fine hair. Fiirstenberg has pointed out that only the 
former exists in heifers and that the latter is not developed until just 
before the first calf is produced; this part, the base of the teat, really 
consists of the lower portion of the milk cistern and in many old cows 
is very large and puffed. 

The “milk veins” run on each side from just in front of the fore 
quarters along the belly to the “milk well” a hole in the abdominal wall 
situated near the xiphoid cartilage of the sternum; it is believed by some 


PLATE V 


1. Udder of freemartin. 
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3. Udder of heifer during the oestrous cycle—about 14 hours before heat. 
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that their large size and sinuous appearance forms a means of detecting 
a good milking cow. Aldrich and Dana(156) measured the milk veins 
and compared the size with the yield given by the cow; they found 
variations in size with the stage of lactation and an increase in size and 
crookedness in young cows after calving; but the correlation between 
the size of the vein and the milk yield was not very marked. In our 
opinion the size of the milk vein varies with the stage of lactation, the 
blood pressure and the thickness of the skin of the animal and is there- 
fore not a reliable means of judging a cow for milk production. Moreover, 
Fiirstenberg (127) and Bitting (130) who have given a good description 
and figures of the circulation in the udder state that the veins anastomose 
so freely that blood from any part of the udder may pass back to the 
heart either by the milk veins (subcutaneous abdominal) or by the ex- 
ternal pudic vein, and Bitting for this reason believes that too much 
value is placed upon these veins in judging an animal; one of the factors 
which tends to increase their size is the pregnant uterus pressing on the 
iliac veins. Graves (157) ligatured the milk veins (subcutaneous ab- 
dominal) of two cows to see whether the posterior veins (external pudic) 
would carry all the blood away from the udder. In one cow that had 
been in lactation 18 months he found no shrinkage of the flow after 
tying one vein and only a slight drop after the second was ligatured a 
week later. In the second cow which had calved two months and was 
giving 44 lbs. of milk per day the milk flow was only slightly lowered 
by the operation. 

Nelke (158) found that the blood vessels of the udder of a good milking 
cow are so large that if no pressure is exerted in them they will contain 
from 47 to 57 per cent. of the total blood in the body and he says that 
milk fever is brain anaemia due to the accumulation of blood in the 
udder; the injection of air by pressure forces the blood from the veins 
of the udder. He found that although the most general time for milk 
fever was soon after calving cows can have it as late as 18 months after 
the last parturition and as early as the 6th month of pregnancy (after 
the alveoli are formed, see p. 173). Keim (159) also came to very similar 
conclusions. Seitter (160), however, basing his conclusions on blood 
pressure readings concluded that milk fever was due to vasomotor 
collapse through action of internal secretions and that air inflation 
assisted these indirectly. 

The escutcheon, or arrangement of hairs on the perineum, since 
Guenon (see Dechambre(16i)) put forward his theory, has been used by 
some as a basis of selection for milk production. While no direct evidence 
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has been collected on this point it is difficult to see how it could affect 
the mammary glands, for hair whorls exhibiting well marked patterns 
exist also in other parts of the body, in the region of the armpits in 
animals and on the back of the neck in man. Bitting (130) found, and 
we can support his statement, that the escutcheon bears no relation to 
the size of the gland as it may extend several inches above or on either 
side of the hind glands. Bakker (162), who grouped a number of Friesian 
cows by their escutcheons and then compared the average yield of each 
group, found that the escutcheon afforded no guide as to the milk pro- 
ducing capacity of a cow. 

The method of study used in our investigation of the mammary 
gland has been to weigh the udder in a fresh condition, the two halves 
of the udder being dissected off separately, as can easily be done by 
cutting along the elastic septum separating the right and left sides. 
Observations were made on the character of the secretion obtained from 
the nipple and the two halves were then fixed in 10 per cent. formalin. 
In one half of the fixed udder a moderately thin central and vertical 
longitudinal section through both nipples and glands was made with a 
long sharp knife. These sections were then washed, stained with Dela- 
field’s haematoxylin, again washed in distilled water, this time slightly 
acidulated with HCl, dehydrated in alcohol and cleared with the glycerine 
mixture given on p. 38. Thus a section of the whole udder was obtained 
cut, stained and treated in the same way as a microscopic section. The 
haematoxylin picked out the glandular portion of the udder leaving the 
remainder, the fatty and connective tissue, practically unstained so that 
the amount of growth and distribution of the gland could be seen at a 
glance (see Plates [V-VII). 

The weights of the udder at different ages are given in Tables VIII, 
X and XI. In calves which have not reached the age of puberty 
(Table VIII) the weight varies with age from 220 gm. at 2 months old 
to 760 gm. at 6 months, averaging 540 gm. at 4 months old. 

In virgin heifers which have ovulated (Table X) the weight varies 
more or less with age and the fatness of the animal from 1420 gm. at 
2 years old to 2650 gm. at 3 years old, averaging 1930 gm. at 2 years 
3 months old. 

In cows which have produced a calf the weight of the gland varies 
greatly according to the period of lactation. Nearly all the cows killed 
(Table XI) were quite or practically dry and under these conditions 
the weight varies with the individual, age, and state of fatness of the 
animal, varying from 1680 gm. to 8980 gm. and averaging 5100 gm. 
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1. Udder of heifer during the oestrous cycle—6th hour of heat. 
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2. Udder of heifer during the oestrous cycle—24 hours after beginning of heat. 
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3. Udder of heifer during the oestrous cycle—48 hours after beginning of heat. 
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Two with diseased udders which were killed in an early stage of lactation 
weighed 12,000 and 12,690 gm. 

The udder of one freemartin (or heifer without an ovary) was a: 
tained, aged 3 years, in fat condition and the udder of this weighed 
6400 gm. 

Considering these results as a whole it will be seen that the udder, 
as with other parts of the body, increases in weight with age. Not 
sufficient material has been collected to show exactly how it varies with 
the stage of lactation or with the fatness of the animals. The weight 
and external appearance of size of an udder is however no guide as to 
its milk producing capacity for in the case of the freemartin quoted 
above, which was in fat condition, the udder weighed 6400 gm. compared 
with that of 2650 gm. for’a normal heifer of the same age. When these 
two were compared by the section method (Plate V, 1 and 2) it was seen 
that the former contained no more mammary tissue than that of a calf 
of 6 months old (Plate IV, 1) the bulk of the udder consisting of fat, 
while the latter contained about seven times as much mammary tissue 
as the calf. 

3 It will be seen (Plate IV, 2) that the udder of a cow which has sea 

a calf and which is just dry contains a very large proportion of glandular 
tissue, Therefore in order to estimate the value of the udder for milk 
production it is necessary to obtain in addition to the weight and size 
the proportion of mammary tissue present. 

It is generally said that a bad fleshy udder does not shrink so much 
after milking as a good one which collapses to a small size after the 
milk is withdrawn; but how far this is due to the proportion of gland 
tissue, duct tissue, white fibres or elastic connective tissue is not known. 
Armsby (163) states that a large proportion of connective tissue causes 
a fleshy udder. Wing(140) states that the size of the udder in the cow 
is no guide to its milk producing capacity as it may be fleshy or fat and 
that the band of elastic tissue which separates the two sides and supports 
them may become relaxed so that the udder falls to the ground and 
may appear to be of enormous size. Bitting (130) believes however that 
the appearance of the udder as regards size depends on the strength of 
the abdominal wall which, if loose, causes the udder to fall downwards 
and backwards and so appear much larger. This factor he considers 
accounts for the sudden appearance of a large udder in some cows after 
the 2nd or 3rd calf, the udder becoming more pendulous as the ab- 
dominal wall relaxes. Fiirstenberg (127) found that the udders of cows 
which show a large amount of fat tissue gave little milk and he has 
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drawn attention to the elasticity of the skin over the udder of good 
milking cows; this belief is widely spread in practice. The elasticity of 
the skin and connective tissue probably affects the milk pressure and 
by relaxation reduces the pressure and so does not retard the rate of secre- 
tion. From a comparison of the amount of mammary tissue present In a 
calf which had not ovulated (Plate IV, 1) with a heifer which had ovulated 
(Plate V, 2) and a freemartin of the same age with no functional ovary 
(Plate V, 1) there can be no doubt that the mammary tissue develops 
greatly as a result of ovulation and the formation of a corpus luteum in the 
ovaries. This has been found to be the casein Dasyurus (O’ Donoghue (164)) 
and in the rabbit (Bouin and Ancel (165), Schil(@66) and Hammond and 
Marshall (60)). Pearl and Surface (167) found that in a cow in which the 
ovaries were cystic and contained no corpora lutea the udder was very 
small and shrunken although she had previously produced calves and 
milk. A very much greater growth of the gland occurs however between 
a virgin heifer of 24 years old (Plate V, 2) and a cow which has produced 
a calf (Plate IV, 2); the growth of the gland during this stage will be 
discussed below under Pregnancy (p. 168). 

Since it has been found that in Dasyurus and the rabbit the growth 
of the mammary gland is correlated with the development of the corpus 
luteum considerable attention has been given to the changes occurring 
in the udders of virgin heifers at different times of the oestrous cycle. 
Table XIV gives the data collected on this point from heifers killed at 
different periods of the oestrous cycle (and see Plates V-VII). In addition 
observations were made during the cycle in a number of different indi- 
viduals to determine the amount of fluid that could be expressed from 
the nipples (Table XV). | 

It was found that the amount of fluid that could be expressed from 
the nipples varied greatly in different individuals, which suggests that 
it may be possible to pick out good milking animals by the amount of 
secretion they produce as virgins at 2 years old. No opportunity 
however has been obtained to carry this out and it must be left for. 
future work to decide. The individual differences being so great it was 
not surprising to find in the slaughtered animals differences in the 
amount of the secretion which could not be attributed to the period of 
the oestrous cycle. The observations made on living animals (Table XV) 
in different stages of the cycle bore out the conclusions reached from 
Table XIV in that the amount of the secretion varied much more in 
different individuals than it did during the oestrous cycle. It may be 
that cycles in the cow overlap so much that such marked differences 
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2. Udder of heifer during the oestrous cycle—8 days after heat. 


3. Udder of heifer, 1 month pregnant. 
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Table XIV. Details of mammary glands of heifers kalled at different 
pervods of the oestrous cycle. 


Period of cycle when killed 3 days 14 hrs. 24 hrs. after 48 hrs. after 72 hrs. after 8 days after 
before before 6th hour beginning beginning beginning beginning 
heat due heat due of heat of heat of heat of heat of heat 
No. of heifer C5 C3 Cr Cl C4 C6 C2 
Age (yrs. and mths.) 1-9 2-0 2-0 2-3 2-0 2-3 2-3 
Av. cycle length (hrs.) 452 455 A473 502 462 445 423 
Ay. oestrus duration (hrs.) 18 16 21 18 13 16 8 
Order of fatness: (1) Fat 3 1 4. ui 5 6 2 
(7) Lean 
Mammary gland: 

Weight of udder (gm.) 3540 1870 1720 2180 2440 1240 2740 
Secretion from nipples Much in all Muchinall Some fluid No fluid Much fiuid Little from Little from 
when killed nipples nipples from all from all one, none left hind, 

from others none from 
others 
Section of Fluid in Lotincis- Lotinbig  Littleinbig Nonevisible Very large Nonevisible None visible 
udder cistern tern ducts ducts quantity in 
cistern and 
ducts 
Anatomical develop- Majority Small, Majority Small, Swollen at Smalland Small and 
ment of alveoli small, few . shrivelled small, some  shrivelled tips shrivelled,  shrivelled 
' swollen at swollen at few swollen 
tips tips at tips 


in the amount of ovarian secretion do not occur as in the rabbit where 
long periods may elapse between ovulations (pseudo-pregnancies). The 
amount of the secretion obtained varied also with the time since the 
previous withdrawal; fluid that is produced is not altogether absorbed 
but remains in the milk cistern, thereby hindering further production 
of fluid. 

The data available to support these various points is very scanty 
but the secretion is now being investigated in detail with accurate 
measurements by Dr 8. A. Asdell. 

Examination of the udder sections of heifers killed during the oestrous 
cycle (Table XIV and Plates V-VIT) seemed to show that the amount of 
the secretion varied with the development of the milk cistern and large 
ducts rather than with the activity of the alveolar cells as seen in 
microscopic sections, and it may be that the amount of the secretion 
present in different individuals is a measure of the duct and milk cistern 
development rather than the alveolar development. 

Enquiries have been made of herdsmen as to the cause of the varia- 
bility in the amount of the secretion that could be obtained from virgin 
heifers, but their replies varied considerably (Appendix I (7)); some said 
that there was more in good heifers, others that it was a bad thing and 
led to gargetty udders later and some also thought it could be increased 
by feeding more especially on grass. 
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Table XV. Observations made on fluid obtained from mpples of 


No. of 
heifer 


Cl 


C2 


Q 
eo 


C4 


C5 


C6 


Cr7 


Date 


Dec. 


Sexual state 


On heat 


On heat 
Killed 


On heat 
Killed 
On heat 
On heat 
Killed 


On heat 


39 


On heat 
Killed 


On heat 


— 


On heat 
Killed 
On heat 


On heat 
Killed 


On heat 
On heat. 


On heat 


On heat. Fertile service 


Pregnant 


Killed 


Killed 


1 month 
2 months 


4 
5 


+> 


99 


heifers in different sexual states. 


Observations on fluid 
from nipples 


Teats sore, no fluid but felt full 
No fluid 


No fluid 


99 


99 


Little from left hind, none from others 


No fluid 


Much fluid in all nipples 


Serous fluid from nipples 
Fluid from nipples 
Little fluid 

Much fluid from nipples 


- Much fluid from all nipples 


Little fluid from nipples 
Little fluid 
Fluid in small quantity from one nipple 


—— — 


Much fluid from all nipples 


Much fluid from nipples 
Much from one, none from others 


Large quantity of serous fluid 


Little from one nipple, none from others 


Fluid from nipples 
Some fluid from all nipples 


Trace in one nipple 

Fluid from one nipple 
Little fluid from one nipple 
Fluid from one nipple 
Little fluid from one nipple 


Much fluid from one nipple 
Small amount from nipples 


ienicauide 


2c.c. fluid 
Viscid fluid from fore-quarter 


Poy 


P8 


Nov. 


8-9 


12, 18 
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Table XV (conid.). | 


Observations on fluid 
Sexual state from nipples 


— —- Much fluid from all quarters 
— — . Fluid from all quarters 


On heat Little fluid from all nipples 
a — Fluid from all nipples 
a — Little fluid from all nipples 


29 99 


On heat. Fertile service = = 


Pregnant Much serous fluid from all nipples 
ss Moderate quantity of fluid from all 
nipples 
5 1 month Fluid from nipples 
i 2 months Much fluid from nipples 
5 ANE Pk 45 c.c. fluid collected from nipples 
a 6 es 100 c.c. Very viscid honey-like secre- 


tion. Left fore rather less than 

others and of more fluid consistency 

x; r > All nipples full of white milk-like fluid. 
Killed 280 c.c. collected from one nipple 


— -— Trace from one hind quarter, none in 
fore 
— — No fluid 
On heat — = 
— — Little fluid from nipples 
— — No fluid 
— — A drop of fluid 
— moo Little serous fluid collected 
On heat. Fertile service 


Pregnant Little fluid collected 
2: 1 month 99 cy) 
, 2 months Some fluid collected from nipples 
.< 4 a 8 c.e. fluid collected 
ee 6 a 10 c.c fluid and little left in quarters. 


Right hind nipple fluid secretion 
and other three with honey-like 
secretion 

Killed 6 months Right hind-quarter with fluid secretion, 
others with honey-like secretion 


— — No fluid 
On heat o- 2h 
— os No fluid 
On heat ¥ aa aa 
a ao No fluid 


The chemical composition of a secretion obtained from a virgin goat 
has been found by Hill(és) to be similar to that of normal milk, but in 
this animal very large amounts of the secretion were produced. Woodman 
and Hammond (169) have investigated the composition of the secretion 
obtained from the above mentioned heifers and found that it contained 
the characteristic proteins of colostrum (globulin and albumen) together 
with slight amounts of fat, casein, lactose and proteose. Thus the initia- 
tion of mammary gland activity in the cow is not necessarily dependent 
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on pregnancy but may be associated with the occurrence of the oestrous 
cycle. This supports Heape’s(170) contention that the source of the 
stimulus which causes the development of the mammary glands and 
the secretion of milk is dependent on the ovaries and not on the foetus 
entirely. Numerous writers have described milk secretion in various 
species before pregnancy; Bitting (130) in the cow, Lowenthal(71) in the 
mare, Oliver(172) and Lindig(173) in women, Hill(i74) in the goat and 
Barnowsky (175) and Leblanc(i76) in various species. Sheild(177) has 
quoted a number of cases in girls where precocious mammary develop- 
ment was associated with the appearance of the menstrual flow; he 
states that in women after the menopause the breasts usually shrivel, 
in some women however they increase in size but this is due to 
a subcutaneous deposition of fat and the true mammary tissue 
atrophies. 

That the secretion depends on the ovaries rather than the uterus has 
been shown by Foges(178) and by Hammond and Marshall (60). Moreover 
Steinach (179) and Athias(i8s0) found that ovaries transplanted into male 
guinea-pigs caused the mammary glands to develop; the latter attri- 
butes the growth of the mammary gland to the ripe or atrophic follicle. 
Myers(181) has shown that in rats the development of the mammary 
glands at the time of puberty can be prevented by starvation and 
Jackson and Stewart (182) found in animals so treated the ovaries fail 
to develop normally. 

Whether or no the proportion of weight of the ovaries (in the 
maximum stage of the oestrous cycle) to weight of the body varies in 
good and bad milkers is not known but it would not appear to be im- 
probable. 


5. Tuer HistoLtocicaL CHANGES. 


Introduction. 


The histological changes were determined by cutting sections of the 
material which had in most cases been fixed in formalin (in a few cases 
formol picro acetic was used) and embedded in paraffin wax. Delafield’s 
or iron haematoxylin and eosin were the stains most frequently used, 
but for the preparations in which the distribution of mucin was de- 
termined iron haematoxylin and mucicarmin was used. 

A bird’s-eye view of the various histological changes occurring in 
different stages of the oestrous cycle is given in Table XVI. 

The histological appearance of the various parts of the reproductive 
organs of cows has been described by Schmaltz(83) to which account 


s[[eo 
jeojn] Use} 
-0q Jaf] o[sUTG 


sno1eumu 
sotreypideg 


sneyo 
-nU . SeUT} OT 
qynoqe  waseyd 
-0jA9 “suTUTeyS 
AyystT sr0ur 
pue vsie, A190 A 


popunor 
pue os1e'T 


rake] dee 


"siy OP ATIP 
-UOISCI900 peg 


60 


yeoy Jo 
SUTUUTS9q 
Ieqye skep g 


Spuerys M9,T 


snojewnu 
pue pourtoy 
soleypides) 


sossvul 
[122 u9eM4 
eS 
seyoyeg ‘ATyrep 
SsulUIeys —|JI9S 
qnq IesIP] STOO 


[euorseos0 A190 A 


IokV] 
YOry,L, “Us]fOMS 


"SI Z), 
79 ‘89 peg 
99 


yeoy fo 
SuluUIseq 


oqye “SITY Gd, 


S[Joo 

BoyN] [eryUs. 
@LOUL W98M9Oq 
sUON ‘Boeyty 
ulolf SpueIys 
SUTMOISUT 


S[essea Poo[q 
pouLloy ON 
“ONSSI} UL sof 
soy£000ne] pue 
seposndiod poy 


surureys ATyrep 
pue peyoed 
Ayesuep ‘peur 


SNOIAGO JON 


s]]90 
posserduros 
JO ieAR] UIQ, 


: Henin 74 
Sp 09 Pela 


vO 


peoy Jo 
SutUUIseq 
IO]Je "SI QF 


u0lyeMAG 


seorid ur 
SpuvIys 5187 
"sT[oo Teeyny 
useM}eq  U0l} 
-todoid + os8ie'T] 


Spear 
ensst} 9Ar}OoU 
-U00 YOY} AIOA 
TIM *A°q OBIe'T 
*satreypides Mog 


Ieajo 
pue osie, Moy 
‘Trews Aqrrofeyy 


AT[e.109%] 
passardwi00 ynq 
UsTOMG ‘A'g 
aolW'T "poz?] 
-Ip soriepideg 


UdTOMG 


‘SI 08 Pel 


TO 


yeoy Jo 
SUTUUTS0q 


IOJJR *SIY FF 


soveyd ut 
Spuelys Ise] 
‘s[[eo [eeqny] 
useMyoq ony 


sy[eaa yorgy 
YyIM pue quou 
-Twoid a1oul 
‘A’ OS1e'T 
‘soLreypides Mast 


Snoponu seuty 
£T qnoqe wseyd 
-0740 = S10qo8 
-0} peysenbs 
Aqtiolepy “reeyo 
pue ueyuniys 
S90 ‘asde'] 


AT[e.104B] 
pesserduros 
‘A°Q 9aIe'T 

‘asrey, Apoyerep 
-OUL setreTideg 


4rjds 04 
peurpur ‘rAVey] 
UIT} UL UTTOMG 


"sIq] C9 “Gg pelg 


LO 


qvoy Jo 
Toy, 499 


seoed 
ul spueiys po 
SSO Pil? 
[eoyn], UseMjoq 
Iake] sjqnog 


Salleypides MoyT 


("soo 

pue ‘weey) 
SUIUILYS IeVST] 
pue = Jeyfewig 


posserd 

-Ul0Q *BSO] 
-nueis Jo oseq 
ye [eUOIsedd9 


UdTJOMS IOP 


pee[q Jou Prd 
60 
onp yvoy 


e10joq 
‘SIU PT 


_ STpe0 
[eeqn] Usaajoq 
Take] poyreyy 
SOLIV] 


-[idvo yereaeq 


sneponu sew} 
Gc ynoqe wiseyd 
-oyf0 = fagiey 


pessardui0) 
‘@SO[NUBIS JO 
esVq Je ofqIStA 


[reuas sqja9 


pue gf Geo 


8) 
enp yeoy 


alOjoq 
skep ¢ 


oNnsst} 9ATOOUUOD 


umMeyn{ 
S[essea Poolg sndioo 
quadoL 
SOW 
s]]90 [Voqyn’] 
vooyy Jo 
sjessoa poorg | = PTPHLOF 
qSos1e'T AIVAGQ 
esolNuBIy 
ONSssl ], Weg UvZIO) 


spotted jeey snoraeid ul eANA UlOIy poreed 
-de poojq yey} yeey Jo sutuut$eq 109e “sIpT 


: LaJtey JO ‘ON 


:efoA90 Jo aseig 


‘ajoho snousao ay) fo sporsad quasaffip w payry suafray fo swobso aanonposdas fo aounsnaddn qworbopoistyT “TAX 14%, 


qtsodep ourpedy 
ON ‘osuep 
Ajoy eI POP 


OTT 


MOT 
aS00] 
Ajoyerepoyy 


qonytl 


po}sesu09 
you ynq ‘selIey 
-jidevo ~]e1eAeg 


esuop Ape y 


ee) 
yeoy JO 
SuUTUUISeq 
roqye shep Q 


0-9 


qisodap ourpeAy 
ON ‘osuop 
Ajoyeropoyy 


eunrout 
-idoa dJepun 4 
Jo Sqo[q 9104} 
pue o1ey pue 
enssl} 9AT}OoU 
-u0o yerpeyztde 
“qns ur pool 


po}esVAv1zXO JO 
Aqryyuenb osr1e'T 
as00'] 

SooeL], 

0-88 

yonur os 40u 
ynq  uorjesea 


-81}X9 pue UOT} 
-Sasu0d 4eVely 


asuep OS JON 


9) 


yeoy FO 
SUTUUISOq 


Toye “SIG Sd, 


L-9 


LY 
qisodep ouryedy 
JO Se0vI} YUSTIS 

JIA osuep 
AJoVe1O POP 


poysesuog 


I9so0'T 


untpeqyide 
JapuN UOTVeSeA 
-e1}Xe pure UOT} 
-Sesu0d 4eoly 


esuep OS JON 


S][90 
useMjeq Yonul 
pue spurs 
o81E] 


onsst} 9AT} 
-99uu0d = YAN 
pouo yor) SsTpTeas 
pue  quoUrW 
-oid *A*q OP] 
‘moj Sorreypideg 
S][99 Ive] esIe] 
M2, *poT[eALIYs 
pue [reuus 
Aron Aytioleyy 


vO 


yeoy fo 
SuTUUIseq 


1a}Fe “SI, BF 


Auey * 


uorje[NAG 


0:9 


0S 
peqrosqe suteq 
qtsodop ourpedy 
OUOS TYLA 
‘asooy ATU 7 


queselg 


MOT 


esuop A[IreT 


LO se peyreu 
os oymb 40N 


esuep 
os eymb 40ON 


TO 


yeod fo 
SurluUulseq 


qoyye ‘SII FG 


og 


O-L 
[e194 
-eur ouTe sy 
jo qunoure 
ILC} YIM VSOOT 


rout ATYSIS 


esuep 
os oyinb 90N 


LO 
year Jo 
moy qI9 


oy 


oil 
soovyd 
UL [BI10}UL 
euledy Yonul 
Yq 9soo'T 


SooBL I, 


MOT 


esus(qy 


39) 


anp yoy 
e10Foq 


‘SI FT 


‘(*pjuoa) TAX ART, 


HES 
0-0T 
soovd ul [el10} 
-eul ouledy 


O]IFIT UIIM OSOO] 
Ajoy S19 poy 


SooBL , 


MOT 


esue(y 


sUOG 


MOT 


asuo(y 


uoraod 
-ord ose] £10 A 


sTpTeaa 


ONsst} OAT 


-deuu0d = yO} 
AIOA YIM *A'q 
esre] ATISOPW 


Teas 
*qyoT Moy AIO A 


QO 
enp yvoy 
aLOJOq 
shep ¢ 


wmnqpey4 


-1do jo 
qUSIO FL spurs 
uswn] jo S9ZIS 


‘WIT OAT}EOY 


onsst} 
eATyouuo0D deed 


quoeUl 
-aid perpyydeqns 


SOLIC] 

-[ideo peteyyideqns 
ONssr} gATPOOU 

-u0d  yerpeqyideqng 


qUOWsTg 


sorreyided 


eUl019S 
ansst} dAT}OIUUO) 


onssl} dATJOOUUO) 


sjossea poolg 


s]joo [eo] 
enssty, 


uope[s109 


A[Snotaelg 


vole 
snouop ’ 

-9[4400 

-194U] 


Sn194[} 


UIN9}N] 
sndioo 
pouLLoj 
AIvAO 


qed ue slo 
:Iofley JO "ON 


:apo4o JO aseyg 


IvULUNOD 


usuINy 
[Burs 971n% 


[euLION 


9]qista ysnf 
S]OSSOA [[VUIG 


[BULLION 


a 
-oyjide aepun 
pooyq Jo uores 
-CABIYXO OS1P'T 


seoevyd oumos 


UI SnONnUI [eUuIe} 
“XW ‘[RULION 
[CULO NT 

snonut 


9elf Yonu pue 


sqfeo Ul OpITT 
Teorqno — syjeg 


rTeuUINyoo 
qsoully 


UelUN] IeyTeus 


SUIMOIS 
SIoA] LAMO'T 


e[qIsIA ysnf 
S[esseA [[eUG 


eseq 42 SUI 
-MOIS ‘BULLION 


cant] 
-oyyide zapun 
O[GISIA Sele] 
-ideo yrewg 


UeTJOMS 
sdip jo eseq 4v 
qdeoxe [BULION 


[PULION 


snonur vedf 
Yony, ‘syjeo 

ut Ayrquenb 
27810 Poy] 
‘Teorqno §=ueyy 
OLOUL Of} FT] STTOD 


eorqno 
ueyy slo, 


[[VwUs ITooale 
‘usu Ie]TVUIS 


YO SULYeE s]]99 - 


selreyjides oqur 
pe109][09 poolg 


s]Je0 
U]JOMS MOT 


solieyides our 
peqoe][00 suteq 
IepureuUlel ‘verf 


TIES Poorq eutog 
snonul 

GHA peTly sqle9 
[BULLION 

vod 

eUON ‘Ss][e0 JO 
spue Ul Snonul 
yon = *(8u07) 


IVULUNIOD STTV9 


UOT}eINAG 


peorqng 


[[eus Tpooaye 
‘UaUIN] VsIe] 
AjoyeLO pO 


UsT[OAS - 


AI9A STJPO 


pooyq jo 
UWOTPESCACIXT 


ueT]OMS 
AOA STJPO 


uintpeuyide 
qepun yueUr 
-sIg ‘“wmijeyy 
-1d9 dopun ver} 
PeOld CLF I 


sdip jo oseq 
qe US][OMS ST[IQ 


pe}e] 
-Ip ‘A‘d osIe'T] 


sdip Jo oseq 4e 
very Aquenb 
[Tews ‘spurs 
jO pue Ul Fonyy 


usAoUN VoVz 
-ins Teorqny 


UsUIN] V61e'T 


UETJOMS S][99 


EE: 

-1de oy} Jepun 
seq A000neJ 
*poqysesu00 
S[OSseA [BUTS 
pue osie'T 


soovyd 
UI UeTJOMe 


$0} AO00N9] MO,T 

“umnrpeyyide 
Iapun poojq Jo 
UOTFVSCACIFX GY 


UPET[OAS S]Te9 


@[QISLA SouO 
Trews “peyey 
-Ip Souo os1e'T 


SUIvET}S 
oory AAV AA “TJ99 
Jo espe r0yno 
uo see] UIT, 
qyeorqno ueyy 


‘IVUUINIOO S][eQ 9LOUL 9941] STTED 


peer) 


UOTJAIOS YUTAL 
poy Aytsoleyy 


« 


7 [BULLION 


peysesuoo 
S[OSSeA [[VUIS 
- pue osiey 


[eULION 


Me EE 

qsnf *a°q [jews 
‘peqsesttoo 
S[esseaA oG1e'T 


[eULION 


[VULLON 


Laem 
1199 jo espe 
12jnQ "s][90 
jo opis zoyno 
uo IAC] UIT, 
‘Teorqno = s]T90 


* 
peorqng 


woTye19 
“988 UYIM polly 


[VULION 


poeysesuoo 
S[essea osre'T 


[@ULION 


[CULO N 


[eULION 


[CULO N 


s]]90 
UL 9/991] ‘snonuI 
[eure}xe ony 
i LS aS |e) 


sy[9o perpeyyrdg 


Toeaye Jo wewmn'T 


unrpeuyid 


S[essea poolg 


umypeyyidg 


sjessea poorg 


unypeyyidg 


sTessoa Poolg 


snonyy 


pues 
Tooayy Arewureyy 


eAMA 
qXON 


e1yjom 
aA0qV 


SO JXON VUulLse A 


-oyyidg == XTAIaQ) 


76 Reproduction in Cattle 


the reader is referred for a detailed systematic description and references 
to the older literature on the subject. 


(a) The Ovaries. 


A description of the histological appearance of the ovary in the cow 
has been given by Schmaltz(83) and Williams (84, p. 40). Three areas in 
the stroma can be observed; the tunica albuginea which lies just under 
the germinal epithelium and is usually free from follicles; the parenchy- 
matous layer which occupies the greater part of the ovary and in which 
most of the follicles lie; and a very vascular layer usually free from 
follicles along the area of its attachment to the broad ligament. The 
main histological interest centres round three points, namely (1) the 
ripening of the Graafian follicle, (2) the formation and structural changes 
undergone by the corpus luteum and (3) the origin and development of 
the interstitial cells. 

The ripening of the Graafian follicle. The Graafian follicle of the cow 
is peculiar in that the theca interna is very well marked and it becomes 
more distinct and dense when the follicle is increasing in size. 

It has been held that the theca is a specialised part of the ovarian 
stroma and there is no doubt that it supplies through its well developed 
capillaries and lamellar cells the nourishment required by the developing 
follicle. This well marked dense appearance is due however not only to 
specialisation of the connective tissue elements but to pressure caused 
by the increase in size of the follicle, for the theca becomes more marked 
as the follicle begins to increase in size. Also the area next the follicle— 
the theca interna—is much more dense than that on the outer side—the 
theca externa—between which and the ovarian stroma the limits are 
very indistinct; this is the natural result of pressure by the developing 
follicle on the ovarian stroma. The results of pressure can be seen if 
the connective tissue of the theca interna is observed in different stages 
of the ripening of the follicle. Some 18 days before ovulation (Plate 
XXI, 4) the connective tissue surrounding the follicle consists of a dense 
mass of cells with nuclei close together whereas just before ovulation 
(Plate IX, 1) the connective tissue in this area is drawn out and fibrous 
and the nuclei are a long way apart. 

It may be contended that in this area there are a larger number of 
theca luteal cells than in other parts of the ovarian stroma, but with 
pressure the number in a given area would naturally be increased and 
the presence of lipoid granules in their interior is the natural course of 
the flow of. this material to supply the developing ovum with yolk. The 
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“theca luteal cells” are only modified lamellar cells of areolar connective 
tissue. Wolz(183) concluded that the function of the theca interna was 
the nutrition of the granulosa and for this purpose it contained reserve 
supplies of nutrition. Zschokke(40) found in the cow that the theca 
interna is much thicker in the large follicles than in the small ones. 

Another well marked change which occurs in the theca interna during 
the cycle is in the number and size of the capillaries. Some 18 days before 
ovulation they are hardly observable (Plate X XI, 4) and the larger blood 
vessels in this area are rounded; about 3 days before heat the capillaries 
can be seen here and there in the theca and the large blood vessels are 
flattened by pressure; at the time of heat the capillaries become larger 
and more numerous and by 24 hours after heat (Plate [X, 1) they are very 
large and congested and lie close beneath the granulosa cells, the larger 
blood vessels are however at this time still flattened by pressure although 
greatly swollen. 

Since ovulation occurs soon after this and the newly formed corpus 
luteum has a large central blood clot which could only be derived from 
these capillaries it would appear that their congestion with consequent 
oedema and softening of the surrounding tissues plays a large part in 
the sudden increase in size of the follicle at this time (see p. 41) leading 
to turgidity and rupture. That actual rupture of these blood vessels 
and extravasation of blood into the cavity is the cause of rupture of 
the follicle is doubtful for, as is shown below (p. 183) the thecal blood 
vessels may rupture and bleeding may take place into the follicle without 
ovulation occurring. This happens frequently in the rabbit, which does 
not ovulate spontaneously (24). | 

The bleeding into the cavity of the follicle therefore, although it 
may help rupture, is not the cause of it. The dilation of the blood 
vessels probably however assists in the formation of the secondary — 
liquor folliculi which increases the turgidity of the follicle before rupture 
(Robinson (51)). Whether the turgidity in connection with a specialised 
point of dehiscence of the follicle (Joss(84)) or a digestive ferment ap- 
pearing in the follicle (Schochet(484)) is the cause of rupture we have 
no evidence to offer; but it is difficult to imagine the ferment acting 
only on the outer side of the follicle without also digesting the granulosa 
cells. In addition ovulation in women is now generally believed to occur 
not during menstruation but about 10 days after its cessation. 

Simon (109) from an examination of the ovaries of cows concluded 
that the follicle normally ruptures by infiltration of lymph from the 
blood vessels of the theca, the cells of the limiting membrane of the 


78 Reproduction wn Cattle 


follicle swelling; this conclusion was based on comparison of normal 
follicles with fqllicular cysts in which the thecal blood vessels had almost 
disappeared and the connective tissue hardened. Kappeli(105) who made 
a large number of measurements of the sizes of the follicles in cows’ 
ovaries concluded that ovulation is caused by a large accumulation of 
liquor folliculi following vasomotor nerve stimulus as a result of sexual 
excitement during heat. Delestre (100) found that in the cow as the time 
of rupture of the follicle approaches a collagenous layer appears between 
the granulosa and theca interna. Zietzschmann (26) from histological 
examination of cows’ ovaries concluded that the hyperaemia of the 
genitals during heat assists the rupture of the follicle by the addition 
of fluids causing swelling and also by causing cell proliferation and en- 
largement in the granulosa and theca interna. 

Long and Evans(32) in the rat found that before the follicle sap Hnaee 
there is inpushing of the follicle wall by blood vessels and then a final 
swelling of the follicle occurs. 

Stockard and Papanicolaou(38) concluded that in the guinea-pig 
rupture of the follicle occurs as a result of congestion which begins in 
the theca at the same time as in the other reproductive organs. Loeb (43) 
found that in the guinea-pig the corpus luteum prevents ovulation 
although it does not hinder the ripening of the follicle. The presence of 
true interstitial cells in the ovary has been pointed out by Bouin and 
Ancel (185) to be associated with ovulation only after coitus. Since these 
cells are supposed to have an internal secretion somewhat similar to 
that of the corpus luteum it may be that the additional congestion of 
the genitals following coitus is necessary in the case of species with well 
developed interstitial cells, this taking the place of normal congestion 
following degeneration of the corpus luteum in animals with no inter- 
stitial tissue. In this connection the findings of Corner (107) in pigs and 
Long and Evans(82) in rats that the rupture of all follicles takes place 
simultaneously is suggestive. However on this hypothesis it is difficult 
to account for the first ovulation that occurs at puberty or ovulation 
in monoestrous animals. 

The corpus luteum. Much discussion has taken place as to the origin 
of the luteal cells. Whether they are formed from the granulosa or from 
the theca interna. In the freshly formed corpus luteum of the cow 48 hours 
after heat commenced (Plates [X,2) and XI, 1 the central cavity was filled 
by a blood clot surrounding which on all sides except the point of rupture 
were luteal cells very small, densely packed and deeply staining, all of 
approximately the same small size and in appearance like swollen 


1. Corpus luteum: 


72 hours. 
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2. Corpus luteum: 8 days. 


6. Corpus luteum: pregnant 8 months. 
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granulosa cells. Between the masses of these cells and’ the blood clot 
could be seen streams of albuminous fluid in which red and white cor- 
puscles were freely distributed. The theca interna appeared to have 
completely vanished as would naturally be expected owing to relaxation 
of pressure brought about by rupture of the follicle, for it has been shown 
above (Table VII) that the corpus luteum at this stage has only about half 
the diameter of the follicle from which it arises. The theca interna is 
however to be seen in the form of ingrowing strands of connective tissue 
which fold in along the ovarian edges of the collapsed follicle. This 
stage of the corpus luteum in the cow has been well described by 
Zietzschmann (26) who has figured it showing the extravasation of blood 
in the tissues at the point of rupture, the formation of luteal cells from 
the granulosa and ingrowths or folds of connective tissue from the 
theca. He also figures the following stage with a central coagulum and 
formation of capillaries between the luteal cells. 

In the next stage of our series—72 hours after the beginning of heat 
(Plates VIII, 1 and [X,3)—the luteal cells have become larger and are not 
quite all the same size but are still darkly staining. Organised blood 
capillaries are now being formed between the masses of luteal cells and 
their development appears to be associated with the absorption of the 
pockets of albuminous fluid which have collected in the centre of the new 
corpus luteum. Connective tissue threads are now beginning to grow from 
the thick strands of the former theca interna in between some of the 
individual luteal cells. 

By 8 days after the commencement of heat (Plates VIII, 2 and IX, 4), 
when the corpus luteum has reached its maximum development, the 
majority of the luteal cells have become very large (the cytoplasm of the 
cell being about 10 times the area of the nucleus) and only an occasional 
small one here and there is seen. The luteal cells are also not so deeply 
staining (haematoxylin and eosin) as before, this being due to the larger 
quantities of lipoid granules which they contain. They are now divided 
into clumps of 3 or 4 cells surrounded by a single layer of young con- 
nective tissue cells, among which blood capillaries are very numerous. 

Three days before the next heat period (or 17 days after the last) 
the appearance is very similar to the last stage but the connective tissue 
has. now grown in between each individual luteal cell. The luteal cells 
are all fairly large, the cytoplasm of the cell at this time being about 
five times the area of the nucleus. 

About 14 hours before and also during heat (Plates VIIT, 3 and X, 2) the 
majority of the large luteal cells have become smaller and shrivelled, those 
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that remain large being clear or lightly staining and filled with lipoid; in 
the shrunken cells at this time the cytoplasm of the cells is only about 
1} times the area of the nucleus. A thick layer of connective tissue now 
separates the luteal cells and very few blood capillaries are visible. The 
larger blood vessels which have hitherto escaped notice owing to the 
large number of luteal cells between them now appear prominent as a 
result of the shrivelling of the luteal cells; moreover their walls have 
become greatly thickened by connective tissue growths, similar to those 
described below in the cotyledons of the uterus (see p. 92). 

In old corpora lutea 23 days old (or 2 days after the next heat period) 
(Plates VIII, 4 and X, 2) only a very few large luteal cells are present, the 
majority being shrivelled so that the connective tissue between them 
frequently appears in thick patches which completely surround the 
blood vessels, the latter now being cut off from direct communication 
with the majority of the luteal cells. 

Similar but more marked changes were observed in a corpus luteum 
37 days old (Plates VIII, 5and X, 3) (or 17 days after the next heat period). 
In this case only a few luteal cells remained, the bulk of the corpus luteum 
consisting of connective tissue; the large blood vessels which remained 
and were prominent had very thickened walls and their lumen was re- 
duced by connective tissue growth. 

Kaltenegger (186) found similarly in the cow that the connective tissue 
increases with the age of the corpus luteum and crowds out the luteal 
cells. The description given above of the changes occurring in the corpus 
luteum of the cow is on the whole similar to those found by Corner (107) 
in the sow. Schmid (16), who examined the corpus luteum of the cow at 
different stages of the cycle, concluded that atrophy commenced through 
death of the capillary network. Van der Stricht(187) has described both 
the serous and lipoid secretions formed by the corpus luteum in the bat. 

Vignes (188) believes that the active internal secretion produced by 
the ovary is adsorbed by the lipoids (lecithin) and is freed from this 
combination and rendered active by cholesterine. 

The significance of the histological changes occurring in the life of 
the corpus luteum in relation to its internal secretion, as determined 
by the effect it produces on the other reproductive organs (uterus and 
mammary gland), appears to us to be as follows:—The granulosa cells 
which have hitherto been (1) producing the secretion of liquor folliculi 
and (2) supplying lipoids to the ovum to build up the yolk, now for the 
first time come into direct contact with the blood supply from the 
ruptured capillaries of the theca; they increase greatly, first in number 
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and then in size. The products of their metabolism (1) the liquor folliculi 
accumulates at first in the central cavity of the corpus luteum until 
such a time as the capillaries have become organised sufficiently to carry 
it away and to supply the body with this probably active hormone. 
Their other product, (2) the lipoid granules, is no longer required by the 
ovum as yolk and is not easily transported by the blood and so is stored 
up in the cells (whose metabolism is increased owing to better blood 
supply) giving them their typical colour and appearance and adding 
largely to their increase in size. 

During this time the connective tissue elements have been increasing 
greatly and either this increase cuts off direct communication between 
the capillaries and the luteal cells and leads to the atrophy of the latter 
or more likely the lipoids accumulate in the luteal cell to such an extent 
that metabolism is no longer possible for them and they die and are 
gradually absorbed by the surrounding connective tissue (for duration 
in pregnancy see p. 121). 

The time of their death and gradual absorption occurs a few days 
before the next heat period when the control of the corpus luteum over 
the developing follicle and other reproductive organs begins to disappear. 

If the above theory of the internal secretions of the corpus luteum 
is accepted it might explain why the injection and administration of 
corpus luteum preparations has generally failed to give results (Corner 
and Hurni(46)) in any way similar to those obtained by the formation 
of this gland in the body (Loeb (47)), the lipoid which is stored being 
inert in its action and the liquor folliculi which is not stored being the 
active principle. It also explains why a well developed follicular system 
in the ovary often causes similar but less marked effects on the uterus 
than the corpus luteum (Zietzschmann (26) and Nielsen (90)). 

Many of the experiments which have been made on the injection or 
administration of luteal, ovarian, foetal or placental extract are therefore 
open to the criticism that they were performed on animals with func- 
tioning ovaries and that variations in the activity of the latter may have 
affected the results obtained, cf. Marshall and Jolly ds9). Wintz(190) 
obtained congestion of the vulva in rabbits after long continued injec- 
tions with corpus luteum extract but not with follicular extract whereas 
Sonnenberg (191) found congestion of the genitals about 20 minutes after 
injections of liquor folliculi into rabbits. Schickele(92) found that 
extracts of the ovary and uterus of woman and the cow contained 
antithrombin and substances which reduced blood pressure. These were 
present before puberty but not after the menopause when no follicular 
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system was present. The antithrombin was abundant in the maternal 
blood of the placenta in pregnancy. Solorieff(193) found that subcu- 
taneous injections of ovarian extract produced a secretion of colostrum 
in guinea-pigs but he could not obtain it after corpus luteum injections. 

The effect of the corpus luteum in causing follicular atrophy con- 
sidered in the light of the above explanation of the processes concerned 
would appear not to be a direct internal secretion effect or a mechanical 
effect on the follicle but to be due to the fact that both follicle and corpus 
luteum utilise the same source of nourishment, of which only small 
quantities are available in the body. In times of lack of nutrition 
(Loeb (57), and Papanicolaou and Stockard (31)) or of excessive utilisation 
of the necessary substance (as occurs in lactation and pregnancy) the 
amount present is not sufficient to support large follicles and they 
atrophy; the demands of the more primitive tissue—young follicles and 
corpora lutea—are satisfied first, maintenance coming before production. 

That the regression and death of the luteal cells is due to the accu- 
mulation of lipoids receives support from the following facts: (1) the 
shortening of the cycle in fat animals and (2) the concentration of the 
pigment with the life of the corpus luteum. It also might explain why 
very fat animals do not often come in season (Wallace (194)) and are 
frequently sterile, the ovarian cells becoming clogged with these waste 
products (Marshall and Peel(53)) and so failing to function properly. 
Animals which are not bred from regularly would also tend to accu- 
mulate these products in their ovaries and consequently be less fertile 
than those which bred regularly. The accumulation of waste products 
in the ovary may also explain why a rising condition of nutrition is 
generally attended by greater fertility than a stationary or lowering 
state of nutrition from fat to lean condition. Again the general breeding 
seasons of animals are usually times of good nutrition following bad— 
spring after the cold winter and autumn after the hot summer—and 
under bad conditions fat disappears from the body. 

That the fatty substances which accumulate in the corpus luteum 
are very similar in composition to those which form the yolk of the egg 
is seen by comparing the analysis of the yolk of the hen’s egg (none 
being available for mammalian ova) which contains fat (25-25 per cent.) 
phosphorised fat (11-15 per cent.) and cholesterin (1-75 per cent.) with 
that of the corpus luteum of the cow which contains fat (2-99 per cent.) 
phosphorised fat (14-87 per cent.) and cholesterin (1-17 per cent.); the 
composition of both these substances is quite distinct from that of body 
fat (Cramer (195)), Robinson (51) found in the ferret that as the pre- 
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inseminal maturity of the follicle is approached granules of fat appear 
in the borders of the granulosa cells. Regaud and Policard (196) found 
in the bitch that granules were formed by the granulosa cells and were 
passed through the zona pellucida and accumulated in the ovum. 
Van Beek(197) by staining with Sudan III found lipoid globules not 
only in the yolk but also in the granulosa and theca interna cells of 
developing follicles in calves’ ovaries. 

As to the much debated subject of the origin of the corpus luteum 
we are in agreement with the theory postulated by Marshall (54) in the 
sheep—a related animal—that the luteal cells are formed from the 
granulosa cells and that the theca interna supplies the connective tissue 
elements and blood vessels. Zschokke (40) believed that the corpus luteum 
in the cow was formed from the theca interna, basing his opinion mainly 
on the thickness which the theca attains in the large follicle; he con- 
cluded that the reason why no corpus luteum was formed when a 
follicular cyst was ruptured was that the theca had lost the power of 
growth. In the cow Deiestre(100) considers that the corpus luteum is 
formed from the theca entirely, but he did not examine any very early 
stages of the corpus luteum and based his conclusions on the appearance 
of the theca in mature follicles and the connective tissue central plug 
which forms on absorption of the albuminous secretion. Kaltenegger (186) 
found by the use of Unna-Pappenheim’s stain that lamellar cells of the 
connective tissue were present in the corpus luteum of the cow. These 
cells, which have frequently been described as “theca lutein cells” have, 
we believe, often misled people into the assumption that the luteal cells 
developed from the theca interna and their presence in large numbers 
in the theca interna has given rise to the idea that it was a special tissue 
of internal secretion rather than one specialised for the nutrition of the 
follicle by concentration of certain elements of the connective tissue. 

The interstitial cells. No true interstitial cells comparable to those 
that occur in the rabbit (which are similar in appearance to the luteal 
cells and are derived from the germinal epithelium (Lane-Claypon (198))) 
have been found in the ovaries of either calves, heifers or cows. In cows 
or heifers which have ovulated there are many cells in the ovary derived 
from old corpora lutea which have the appearance of interstitial cells, 
but if careful observation is made it is seen that they are in connection 
with a plug of connective tissue from an old corpus luteum. 

Cells are frequently found in the ovaries of calves, heifers and cows 
which are often mistaken for true interstitial cells; they are the con- 
nective tissue lamellar cells which in the ovary frequently have granules 
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of lipoid deposited in them in much the same way as the lamellar cells 
of the frog’s skin contain pigment granules or those of the silky fowl 
contain melanin granules. These cells are present in all ovaries and have 
frequently been described as interstitial cells or special “theca lutein 
cells” because in certain areas they have lipoid granules deposited in 
them on their way to the ovum or corpus luteum. Leucocytes have 
also sometimes been observed carrying these granules. 

It is therefore concluded that the cow has no true interstitial cells 
comparable with those of the rabbit and derived directly from the 
germinal epithelium but that after ovulation a certain number are 
accumulated from luteal cells which have escaped degenerative changes 
or from atrophic follicles. Numerous lamellar connective tissue cells 
however exist and they frequently have lipoid deposited in them 
temporarily and have often been mistaken for true interstitial cells. 

Aschner (199) who studied the distribution of the interstitial cells by 
staining with Sudan II found that in calves and heifers before puberty 
there were no interstitial cells and that only a few occurred in the 
ovaries of old cows. 

Pearl and Surface (167) have described and figured interstitial cells 
in the ovaries of cows which had produced calves. They state that they 
are usually rounded in outline but may be considerably elongated in one 
direction, approaching spindle shape; the nuclei are of the same order 
of magnitude as those of surrounding connective tissue cells and they 
contain granules of fat stained by Sudan III and others stained by 
kresylechtviolett differentiated by washing in alcohol. This description 
appears to us to be not dissimilar to that of lamellar connective tissue 
cells. 

They found these cells in the ovaries of a cow which had assumed 
secondary male characters and which contained cysts but no corpora 
lutea and concluded that secondary sexual characters were therefore 
due to the corpus luteum and not to the interstitial cells. Van der 
Stricht (87) states that in the bat there are no interstitial cells in the 
ovary of the embryo but that these appear a few days after birth; 
that atrophic follicles go to form the interstitial gland and the substance 
secreted by the interstitial gland is the same as that secreted by the 
corpus luteum (lipoid). In the rabbit the appearance and staining of 
the interstitial cells is practically identical with the cells of the corpus 
luteum. In the bat Athias(200) found that interstitial cells may be de- 
veloped from the theca interna of atrophic follicles and also from inter- 
follicular stroma cells. Long and Evans(32) in the rat found that 


The Oestrous Cycle 85. 


interstitial tissue was developed from atrophic follicles. Popoff (201) 
states that in woman interstitial cells may be formed from atrophic 
corpora lutea but that their origin varies in different species. Loeb (43) 
states that in the ovary of the guinea-pig there does not exist a structure 
deserving the name interstitial gland; only small shrinking connective 
tissue cells of theca interna filling the place of lost parts of the follicles 
which are in process of atresia. 

We are in agreement with Bouin and Ancel’s(185) finding that in 
animals with spontaneous ovulation (including the cow) there is no true 
interstitial gland but that its place is taken by the periodic corpus 
luteum and also believe that many of the interstitial cells described are 
hypertrophied lamellar cells of the connective tissue such as those figured 
and described by Kaltenegger (186) in the corpus luteum of the cow. 
The presence of a lipoid secretion in them does not denote an internal 
secretory function but is nutritive, designed to supply yolk to the egg. 
No serous or liquor folliculi secretions have been observed from these 
cells. 

Sections of the ovaries of old cows when compared with those of 
heifers show a much greater proportion of ovarian stroma to germinal 
tissue. It is considered that this has been brought about by the per- 
sistence of connective tissue developed from successive corpora lutea 
(see pp. 47 and 80) in addition to the normal increase in the proportion 
of connective tissue with age in all parts of the body. Kappeli(10s) 
found a very much smaller number of follicles in the ovaries of cows 
than of heifers and still less than in calves. But decrease in the number 
of follicles is not the cause of the larger proportion of connective tissue 
for it has been shown (see p. 47) that the ovaries of cows are very much 
heavier than those of heifers or calves in spite of the decrease in the 
number of follicles present. 


(b) The Origin and Distribution of Mucin. 


One of the most distinctive features of the cycle in the cow is the 
copious flow of mucus from the vulva during the period of oestrus. 
With the naked eye it was possible to trace the main source of this to 
the cervix and upper portion of the vagina. In order to make quite 
certain however, microscopic examination of the epithelial cells in each 
area of the tract was made by staining for mucin. 

The best results were obtained by fixing the material in formol- 
picro-acetic which hardens the mucin; sections were cut embedded 
in paraffin and were stained with iron haematoxylin and Mayer’s 
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mucicarmin (carmine | gm., aluminium chloride 0-5 gm., water 2 ¢.c. and 
50 per cent. alcohol 100 ¢.c.) which picks out the mucin very distinctly. 

The uterine glands and mucosa contribute but a small amount of 
very watery secretion to the flow as could be determined by observation 
with the naked eye. By histological examination a thin film of mucus 
only could be detected over the upper portion of the glands and uterine 
epithelium (Plate XI, 2). 

The cervix, as could be seen by the naked eye, produces the bulk 
of the mucous secretion. Sections showed that at some stages of the 
oestrous cycle very large amounts of mucin were stored up in the tops 
of the epithelial cells (Plate XI, 3) and during pregnancy the mucus could 
be seen distending the spaces between the epithelial lamellae and folds 
of the cervix (Plate XIV, 4). 

That part of the vagina situated next the os appeared to the naked 
eye to be the seat of a considerable amount of mucous secretion, but 
whether actually formed in the region or flowing over the surface from 
the cervix could only be determined by histological examination. The 
epithelium which in this area is only slightly stratified (usually one or 
two cells thick) 1s thrown up into folds and ridges and in the former 
the epithelial cells are generally only one layer thick. This single layer 
of cells contains large quantities of mucin (Plate XI, 4) but it was not 
present in such large quantities as in the cervix. 

In that portion of the vagina next above the urethral opening the 
epithelium is more thickly stratified and there are far fewer folds. 
These folds unlike those of the previous region usually consist of stratified 
epithelium. Mucus was only secreted in small amounts from this area, 
the greater part coming from isolated pockets at the base of the existing 
folds (Plate XI, 5). 

The vagina next the vulva consists of very deeply stratified epithe- 
lium and only a few small depressions are seen on its surface. Between 
the cells of the epithelium in these depressed areas a few threads of 
mucus could be seen, which however would only be sufficient to keep the 
surface moist and would not add much to the oestrous flow (Plate XI, 6). 

A small amount of mucus-like secretion is produced by the cells of 
Gartner’s canals (Plate X X VII, 3) which lie just beneath the epithelium of 
the vagina and open on each side about the level of the urethral opening 
(see p. 97). The normal small size of these glands however precludes 
the possibility of their adding but a very small amount to the flow. 

It will thus be seen that the bulk of the mucous flow originates in 
the cervix and this is supplemented by mucus which is produced in the 
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folds of the upper end of the vagina; the rest of the reproductive tract 
produces not much more than is sufficient to lubricate its own surface. 

By the use of mucicarmin Barrington (202) found in guinea-pigs and 
other animals great changes in the mucin content of the vaginal epi- 
thelium in different sexual states, and increase more especially in 
pregnancy. 

Boéhme 203), also by the use of mucicarmin, found that the whole 
epithelium of the female reproductive organs contained some mucin, 
but that most occurred where the epithelium was of columnar type; 
he found very thick layers in the cervix and also that the amount ap- 
peared to vary with the functional state. 

Moreaux (204), by means of various stains for mucin, has shown that 
a cycle of secretion exists in the epithelium of the Fallopian tubes of 
mammals. 

The cyclic changes in the mucin content of the epithelium in the 
different parts of the reproductive tract in cows is described below 
(p. 92) where evidence is adduced that its production follows the cyclic 
changes in the ovary and corpus luteum. The enormous development 
of mucin in the cervix during pregnancy is described on pp. 116-164. 


(c) The Uterus. 


The mucosa of the uterus of the cow is not homogeneous like that of 
the majority of other animals but, in common with other ruminants, 
is differentiated into two parts: (1) The intercotyledonary area or 
general surface which is similar to the uterine surface of most animals 
and on to which the mouths of the glands open. Just under the epi- 
thelium there is a thin rather dense layer of connective tissue and 
beneath this a deep layer of more open connective tissue in which the 
glands ramify. (2) The cotyledons, 80 or more in number, are raised 
button-like projections arranged more or less in rows parallel to the 
longitudinal axis of the uterus; their function is to form the main points 
of attachment for the foetal membranes. The cotyledons have no 
uterine glands opening on to their surface; they are covered by a single 
layer of epithelium beneath which is a mass of dense connective tissue 
in which blood vessels are very numerous. This layer which constitutes 
the bulk of the cotyledon is probably a thickening of the dense sub- 
epithelial layer which is found in the intercotyledonary parts of the 
mucosa (Hilty (205)); beneath this layer there is another composed of 
open connective tissue and glands such as exists in other parts of the 
uterus (Wall (206)). 
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It is probable that as suggested by Wall(206) the cotyledon and the 
thick subepithelial layer of the intercotyledonary area contain con- 
nective tissue cells of embryonic type which are easily stimulated to 
proliferation. 

Wall states that the crypts of the cotyledons are to be seen as formed 
structures in the virginal uterus but with this statement we do not agree. 

The uterus has two muscular coats between which there is a vascular 
layer of loose connective tissue in which many large blood vessels ramify. 

The histological changes occurring in the uterus at different stages 
of the oestrous cycle are shown in Table XVI and will be discussed below. 

The Cotyledons. Three days and also 14 hours before heat the con- 
nective tissue stroma of the cotyledons appears to be dense and the blood 
vessels small (Plate XII, 1). During and 24 hours after the beginning of 
heat the subepithelial blood vessels in the cotyledons appear to be slightly 
congested and the connective tissue is not so dense. By 48 hours after 
heat (Plate XII, 2) there is great congestion of the blood vessels in this 
area and extravasation of blood into the tissues just under the epithelium; 
the connective tissue also appears to have become oedematous and is 
less dense. Seventy-two hours after the beginning of heat there is still 
great congestion and extravasation but not so much as before; most 
of it has now probably been extruded into the cavity of the uterus or 
is in the process of absorption. Traces of amorphous brownish pigment 
can now be seen, these probably being derived from the decomposing 
red blood corpuscles; the connective tissue is still oedematous. By 
8 days after the commencement of oestrus (Plate XII, 3) the congestion 
has subsided although several capillaries can be seen; the connective 
tissue has now become more dense and the oedema has subsided. Many 
pigment granules, probably derived from extravasated blood, can be 
seen in the connective tissue; this is similar to, but not so pronounced 
as, the pigmentation which follows heat in the sheep (Marshall (54)). 

The relation of these changes to the fixation of the foetal membranes 
will be dealt with under “‘ pregnancy ” below (p. 148) but it may be said 
here that the congestion and bleeding which occurs in the cotyledons is 
not a preparation for the attachment of the foetal membranes for these 
do not become fixed to the cotyledons for about a month, after the time 
when the next heat period would have been due. It is probable that 
the extravasation of blood into the tissues is similar to that which occurs 
at the end of pseudo-pregnancy in the rabbit, but in the cow the cycles 
(or pseudo-pregnancies) overlap. 

The less dense character of the connective tissue of the cotyledon 


PLATE XII 


1. Cotyledon: 3 days before heat. 2. Cotyledon: 48 hours after 
beginning of heat. 


3. Cotyledon: 8 days after heat. 4. Thick-walled blood vessels in 
cotyledon of a cow. 


5. Intercotyledonary area of calf. 6. Intercotyledonary area: 14 hours 
before heat. 
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just after heat is probably due to the oedema following congestion of 
the blood vessels. 

The Intercotyledonary Area. The changes in connection with the 
subepithelial blood vessels and connective tissue which occur on the 
general surface of the uterus are very similar but less severe than those 
which take place in the cotyledons. The capillaries are normal in size 
3 days before heat, become slightly enlarged during heat but do not 
appear to reach their maximum congestion with extravasation of blood 
until rather later (72 hours after heat) than the cotyledons; it is possible 
however that this may be due to the individuality of the animals 
examined. Extravasation of blood under the epithelium is followed by 
pigment formation (8 days after heat) but not to the same extent as in 
the cotyledons. Kolster (207) has described leucocytosis and diapedesis 
of red blood corpuscles from the capillaries in the uterine mucosa of a 
heifer killed after heat and also the presence of pigment probably 
derived from blood. 

In the stroma forming the deeper layers of the uterine mucosa there 
appears to be an accumulation of hyaline matter between the strands of 
loose connective tissue about 3 days to 14 hours before heat (Plate XII, 6). 
Twenty-four hours after the commencement of oestrus this appears to 
decrease in amount and to disappear 48 to 72 hours after the beginning 
of heat when the connective tissue becomes more closely packed (Plate 
XIII, 2); 8 days after heat no hyaline material is apparent and the stroma 
appears fairly dense. 

The accumulation of hyaline material between the strands of con- 
nective tissue in association with the swelling of the connective tissue 
cells would appear to be the result of nutritive control by the corpus 
luteum, for similar accumulation of hyaline material and swelling of 
connective tissue cells with consequent rarefication of their nuclei occurs 
during pregnancy (see p. 144). This swelling of the connective tissue 
cells is seen in pseudo-pregnancy under the action of the corpus luteum 
in the rabbit, more especially after stimulation by foreign bodies, when 
they form decidual cells and hyaline matter accumulates in large quan- 
tities (Hammond (208)). Wells(209) states that mucoid degeneration of 
connective tissue seems to be merely a reversion to the foetal type; 
apparently when connective tissue reverts to an embryonal type, either 
from intrinsic causes (tumour formation) or when the nourishment is 
insufficient, or possibly when the normal stimulus to cell growth is 
absent (myxedema), the mucoid characteristics of foetal tissue reappear. 

The size and appearance of the uterine glands also varies with the 
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period of the cycle although no great difference could be observed in 
their number and distribution. The size of the glands and more parti- 
cularly the lumen are greatest near the epithelium and become smaller 
in the deeper regions next the muscular coat. 

Seventy-two hours after the beginning of heat the glands are rather 
small and their central lumen is almost obliterated; the distance between 
the glands appears to be large. Hight days after the commencement of 
oestrus the glands appeared to be much larger, the epithelium being 
deeper and the lumen much greater (Plate XIII, 3). Three days and also 
14 hours before the next heat period the glands were smaller and the 
majority of them, even the deep seated ones, had flattened epithelial 
cells and a large lumen in which the products of secretion could be seen. 
During heat and more markedly 24 and 48 hours (Plate XIII, 1) after the 
beginning of heat the central lumen appeared to have become smaller 
especially in the deeper glands. At this stage the gland size is at a 
minimum but the epithelium is comparatively high. 

The cyclic changes appear most marked in the deep glands and the 
size of these is greatest during the middle of the cycle and then just 
before the onset of heat; this is followed by a rapid diminution in size 
to a minimum 24-48 hours after heat at a time when congestion of the 
blood vessels takes place; thereafter from 3 days after heat until beyond 
the middle of the next period a gradual increase in size again occurs. 

Since increase in size of the uterine glands has been shown to be 
associated with the development of the corpus luteum in pseudo-pregnant 
rabbits by Ancel and Bouin(210) and by Hammond and Marshall (60) 
and in the bitch by Keller (211) and Marshall and Halnan (73) it is believed 
that the corpus luteum is also the cause of the cyclic changes in size of 
the glands and that the cycle in the cow is comparable to pseudo- 
pregnancy in rabbits. The glandular hypertrophy that occurs in the 
uterus of heifers during the cycle is similar but less marked than that 
which occurs with the more long continued development of the corpus 
luteum in pregnancy (see p. 141). 

If the changes—development of glands, blood vessels and hyaline 
material in the stroma—described above during the cycle are compared 
with those which occur during pregnancy (p. 138) it will be seen that 
the cycle is essentially a pregnancy on a small scale, due we believe to 
the extent to which the internal secretions of the corpus luteum act. 
The periodic corpus luteum has only a transient action on the uterus 
because of its short duration whereas the corpus luteum of pregnancy 
has a more marked effect because of its long continued and steady 
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1. Intercotyledonary area: 48 hours 2. Intercotyledonary area: 72 hours 
after beginning of heat. after beginning of heat. 


3. Intercotyledonary area: 8 days 
after beginning of heat. 1 month 


5. Intercotyledonary area: pregnant 6. Intercotyledonary area: 
4 months pregnant 7 months 


The Oestrous Cycle 91 


action. Moreover the termination of the action of the corpus luteum in 
the cycle which results in the extravasation of blood into the tissues 
and the decrease in size of the glands is similar to, but on a smaller 
scale than, the changes which occur at parturition. 

Zietzschmann (26) states that in the cow some 2-3 days before heat 
the uterine mucosa begins to swell; during heat the swelling reaches its 
maximum and in heifers extravasation of blood into the tissues occurs 
after the high point of heat has been reached; blood accumulates in the 
subepithelial mucosa and raises the epithelium while here and there it 
penetrates to the uterine cavity but is mainly absorbed wn stu forming 
pigment. He states that the growth of the glands ceases after heat and 
they begin to atrophy; growth and hypertrophy of the mucosa is taking 
place on the 12th day after heat and on the 13th the glands begin to 
secrete and the epithelium to become lower and lower, a large lumen 
being formed. He concludes that from two days before heat until the 
12th day after it the uterus is in a state of proliferation and that from 
the 13th to 19th day after heat it is in a state of degeneration. 

We do not, however, agree with this entirely but consider that 
hypertrophy begins with the development of the corpus luteum 3 days 
after heat and that the swelling and oedema of the mucosa which occurs 
about the time of heat is not a proliferative change, but is the beginning 
of degeneration such as occurs under pathological conditions in asso- 
ciation with congestion. This swelling should therefore not be confused 
with the true hypertrophy which occurs as the direct result of corpus 
luteum action beginning about 3 days after heat. As pointed out above 
however the end of pseudo-pregnancy in the cow coincides with the 
pro-oestrus period. 

We also believe that the proliferation continues after the 13th day, 
for the secretion and formation of a large lumen by the uterine glands 
is not a degenerative change but occurs during pregnancy when still 
further gland development occurs. 

Hilty (205) has described the histological changes occurring during 
the involution of the uterus in the cow; he found that the lumen of the 
glands diminished rapidly from 144 at the surface of the mucosa and 
50 in the deep glands 3 days post-partum to 45y and 14 respectively 
21 days post-partum. The epithelium of the glands was reduced only 
slightly from 20 at the surface and 16, in the deep glands 3 days 
post-partum to 16, and 15, respectively 21 days post-partum. We 
consider this involution to be associated with the disappearance of the 
corpus luteum of pregnancy. | 
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The uteri of calves before puberty are distinguished by the few 
glands which they contain and also by their less prominent cotyledons 
and their lack of vascularity (Plate XII, 5). The small number and size of 
the uterine glands of the calf as compared with the cow has been ob- 
served by Bohme (203) and is shown in figures by Kolster(207) who states 
that after puberty the glands grow down to the muscular coat. 

The appearance of the uteri of old cows which have previously borne 
calves varies with the stage after parturition but is distinguished from 
that of heifers by the thicker muscular coats and larger blood vessels. 
At the base of the cotyledons and in the stratum vasculosum of the 
muscle especially, the blood vessels have very thick walls due to the 
occlusion of their lumen after parturition by connective tissue growths 
(Plate XII, 4). During involution of the cotyledons after parturition these 
blood vessels do not decrease in size so much as the rest of the stroma 
and consequently their proportions are increased in cows which have 
produced a calf. 

Hilty 205) has described and figured the histological changes oc- 
curring in the post-partum uterus of the cow; he found that the walls 
of the blood vessels thicken and that this proceeds together with the 
obliteration of their lumen by growth of the connective tissue, of which 
many examples are figured. Three days post-partum the lumen of the 
cotyledonary arteries measured 140yu and their wall 160u whereas 
43 days post-partum the lumen measured only 80 but the wall 240 wp. 
He also found that pigment is formed from blood which is extravasated 
in the cotyledon at parturition. 


(d) The Cervix. 


Baumgartner (126) has shown that the cervix is well differentiated 
from the rest of the genital tract in the cow foetus of 22 cm. in length. 

Histological examination of the cervix shows that it is composed of a 
mucosa thrown up into a large number of folds very similar in appearance 
to those of the Fallopian tubes (Plate XIV, 3). These folds or laminae 
have a central core of connective tissue supplied with blood vessels and 
are lined by a single layer of epithelium which forms simple sacculated 
glands. The character of the epithelium varies considerably in different 
stages of the oestrous cycle (Table XVI). 

During the greater part of the cycle from about 3 days after the 
commencement of heat until just before the next heat period the cells 
are cubical in shape. During heat the cells became slightly longer and 
by 24 hours after heat are columnar and their length is still further 
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increased by 48 hours after, but by 3 days after the commencement of 
heat they have almost returned to their cubical form. 

The reason for these changes in shape can be seen when preparations 
have been stained for mucin. The increase in size that takes place in 
the length of the cell 24 hours after the beginning of heat is due to the 
accumulation of mucus in the outer edges of the cells, at this time only 
a little thick mucus being seen free at the base of the folds. Forty-eight 
hours after heat has commenced there is a tremendous accumulation of 
mucus at the ends of the epithelial cells (Plate XI, 3) but very little is 
visible outside the cells in the spaces between the lamellae. Seventy-two 
hours after the beginning of heat however secretion of mucus has taken 
place and the cells have become smaller but still contain considerable 
quantities in their outer edges; at this time the spaces between the 
lamellae are gradually filling with mucus discharged from the cells. By 
8 days after heat has commenced the cells are again cubical with only 
a little mucus on their outer edge but with much free thick mucus filling 
the spaces between the lamellae (Plate XIV, 1). The same condition but 
with much more free mucus is observed 3 days before the next heat period 
(and in the pregnant animal tremendous accumulation of free mucus is 
seen (p. 165)). In the heifers killed 14 hours before and at the 6th hour 
of heat, at a time when the natural flow of mucus from the vulva was 
at its height, there was only a little mucus between the lamellae and 
this was not in the form of a solid mass but was loose and frothy; 
the outlines of the cells, more particularly their outer borders, were 
wavy and indistinct and contained a moderate quantity of mucus 
(Plate XIV, 2). 

It would appear that the large amount of mucin appearing within 
the cell and increasing its length, starting about the time of heat until 
72 hours after it has commenced, is associated with the cessation of its 
secretion and that this occurs at a time when the action of the corpus 
luteum on the generative tract is at a minimum. Beginning with the 
new corpus luteum 3 days after the commencement of heat and cul- 
minating with its atrophy about 3 days before the next heat period a 
secretion of thick mucus takes place into the spaces between the 
lamellae, this being intensified during pregnancy. As a result of the 
atrophy of the corpus luteum and the onset of another oestrus there is 
a general oedema of the generative organs which in the cervix is charac- 
terised by an alteration in the nature of the consistency of the mucous 
flow as well as by slight congestion (see p. 54) and exudation of leuco- 
cytes, thus giving rise to the oestral flow of mucus. Similar liquefaction 
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of the mucous plug in the cervix occurs just before parturition following 
oedema of the organs at this time. 

The cervix of calves 6 months old before the age of puberty contains 
a little mucous secretion between the lamellae and the epithelium is 
usually flattened to cubical in shape. 

The histology of the cervix and its secretions in the cow and other 
animals has received very little attention. Blair Bell (24) figures the 
histological appearance of the cervix in woman and it seems to be 
similar to that of the cow with a mucous secretion. 

Trautmann (212) has described the anatomy and histology of the 
cervix in the sow, mare and ewe and figures the histological appearance 
of the cervix in the pregnant ewe in which a large accumulation of mucus 
can be seen; this we have confirmed by our own observations. 

In the fowl large quantities of albumen are secreted from the upper 
portion of the oviduct next the funnel (Kaupp(9%)) but it is unlikely 
that this is homologous with the cervix. Mucin is present in the egg of 
the fowl in small quantities, but the portion of the tract from which 
it is formed has not yet been determined; if it 1s confined to any par- 
ticular region it might help to explain the relationship of the different 
parts of the tract in birds and mammals. 

The accumulation of thick mucus which takes place in the cervix 
and its liquefaction before oestrus must play an important part in 
allowing the ascent of the spermatozoa in animals like the cow, sow and 
ewe when the cervix is long and narrow (see Sterility, p. 180). 


(e) The Vagina. 

Three distinct areas in the vagina have been distinguished: (1) next 
the os, (2) above the urethra and (3) next the vulva. There is however 
no hard and fast line between them but the character gradually changes 
from vulva to os, the thickness of the epithelium decreasing as the os is 
approached. Wall (206) found that the spread of the stratified epithelium 
increases with age; in a 3 months foetus it extended only to the vesti- 
bule and the vaginal epithelium was columnar, later however the stratified 
epithelium grows in and at 2 years old extends almost to the cervix. In 
old cows he states it may extend even into the cervix. The area next the 
os is characterised mainly by its secretion of mucus; that above the 
urethra by being the seat of maximum congestion and bleeding; and 
that next the vulva by the thickness of its epithelium and patches of lym- 
phatic tissue situated under it. The changes occurring during the oestrous 
cycle in these areas are shown in Table XVI and are described below. 
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(1) The Vagina next the Os. As has been pointed out above, in dis- 
cussing the distribution of mucin, the stratified epithelium in this area 
is thin and the whole surface is thrown up into folds at the bases of 
which mucin is produced frequently by a single layer of epithelial cells 
(Plate XI, 4). The shape of the cells of this single layer whether normal 
or swollen with mucin varies at different stages of the cycle in the same 
way as those of the cervix. The changes in the blood vessels in this 
area are much the same but less intense than those of the area next 
described. 

(2) The Vagina above the Urethra. This region has far fewer folds in 
its epithelium than the last area and with this a reduced number of 
mucus secreting cells. In this region the folds decrease in size until 
they become merely pockets in the wall; in these the epithelium is 
stratified and mucus accumulates in the cell at the same period of the 
cycle as it does in the cells of the cervix. Here however the accumulation 
of mucus is not followed by an increase in the height of the cell but by 
a swollen and globular appearance causing the distance between the 
nuclei to be much greater than at other times in the cycle (compare 
Plate XV, 1 with 3 both from the vagina next the vulva). 

The changes in the vascularity of this area at different stages of the 
cycle are shown in Table XVI and it will be noticed that congestion 
begins here before it does in the uterus, the large blood vessels becoming 
slightly congested just before heat begins. During heat there is extra- 
vasation of blood from the capillaries situated immediately under the 
epithelium and many leucocytes can be seen in the connective tissue; 
the same appearance is shown by the heifer killed 24 hours after the 
beginning of heat but in addition pigment masses were present. Forty- 
eight hours after the beginning of heat blood could be seen on the vaginal 
surface and also between the epithelial cells, leucocytes were also very 
numerous in the epithelium and connective tissue under it. Seventy-two 
hours after the commencement of oestrus the extravasated blood has 
nearly all been set free on the surface of the vagina but a few red blood 
corpuscles are still seen between the epithelial cells; the majority how- 
ever are being collected into capillaries again, but the leucocytosis of 
the subepithelial connective tissue still persists. 

In basing conclusions upon the appearance of sections from animals 
killed just after the heat period the variation in time between the be- 
ginning of heat and the appearance of blood from the vulva in different 
animals has to be taken into account; this may vary from 45-80 hours 
after the beginning of heat (see Table XII) and sometimes may not 
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occur at all. The heifer which was killed 8 days after the commencement 
of heat (C 2) was one which bled only occasionally and it may be that 
the large amount of extravasated blood found under the epithelium in 
certain places is not a normal occurrence in animals which bleed freely, 
‘although she had shown some bleeding 2 days after the beginning of 
the last heat. 

The occurrence of subepithelial congestion in the vagina during heat 
probably accounts for the fact that bleeding may sometimes occur after 
service or when the hand is inserted in the vagina at this time, although 
the bleeding does not occur normally until later if the epithelium is 
uninjured. 

In all the above heifers care had been taken not to handle the gene- 
rative tract either per vaginam or per rectum during any of the cyclic 
changes. 

It is believed that the thickening of the epidermis of the vagina of 
old cows is one of the reasons why bleeding does not occur in them so 
frequently as in young heifers. 

Wall (206) states that with age in cows the stratified epithelium of 
the tract spreads at the expense of the columnar epithelium and quotes 
Sobotta who says that in woman after several parturitions the stratified 
epithelium is increased owing to its greater regenerative power. 

It should be pointed out that in woman the menstrual flow is derived 
mainly from the uterus and that no great diminution is experienced 
with age whereas in the cow the bulk of the flow comes from the vagina 
and decreases markedly with age. 

(3) The Vagina next the Vulva. The stratified epithelium in this 
area is much thicker than in the rest of the vagina and contains only a 
few small pits on its surface; these undergo in their mucin content the 
same cycle of changes as, although less marked than, those described 
in the foregoing area. The chief characteristic of the region is the large 
number of small lymphatic nodules which exist scattered under the 
epithelial surface; the enlargement of these is one of the symptoms of 
granular vaginitis or bacterial infection of these parts (see Hutyra and 
Marek (213) and Raebiger(214)). Lymphatic patches occur also in other 
parts of the vagina but they become less frequent as the os is approached. 

The vascular changes are similar to those described above for the 
area above the urethra but the large blood vessels are always numerous 
and marked in the connective tissue below the epithelium, for they are 
closely connected with the vascular supply to the erectile organs of the 
clitoris and labiae. 
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Three days before heat the large blood vessels are the only ones 
noticeable (Plate XV, 1). Fourteen hours before heat they become con- 
gested and the small capillaries lying just under the epithelium also show 
signs of congestion. During heat in addition to the congestion of the 
capillaries there is a large accumulation of leucocytes free in the con- 
nective tissue just beneath the epithelium (Plate XV, 2). No doubt the 
penetration of these through the epithelium is the cause of the whitish 
colour of the mucous flow towards the end of heat (see p. 103). 

Twenty-four hours after heat there is a large extravasation of blood 
beneath the whole surface of the epithelium which it penetrates in 
places (Plate XV, 3). 

Forty-eight hours after the beginning of heat, at a time when the 
blood flow usually commences, the leucocytes and red blood corpuscles 
can be seen in the epithelium itself between the cells (Plate XV, 4). 
Seventy-two hours after the commencement of heat, after the blood 
flow has taken place, the blood vessels are in a collapsed state and at 
8 days after heat the tissues have assumed their normal condition. 

Few descriptions have been given of cyclic changes in the vagina. 
Retterer (215), who examined the vaginal epithelium in cows, found that 
heat produces no marked changes in the cells but that changes do occur 
in the last half of pregnancy when the cells become cylindrical owing 
to accumulation of mucus. Latase(216é) in rodents found a definite 
rhythm, alternating between epidermal and mucus, in the vaginal mu- 
cosa corresponding to the rhythm of the ovaries. 

Stockard and Papanicolaou(38) have described leucocytosis and 
shedding of the epithelial cells in the vagina of the guinea-pig towards 
the end of the heat period. Long and Evans (87) have described a cycle 
of changes in the vagina of the rat in which a layer of epithelial cells 
is thrown off at each heat period. Their figures at the beginning of 
stage 1 of heat show the superficial cells to be large with clear vacuoles 
and these are greatly increased during pregnancy. Although they do 
not say so, it appears to us that these vacuoles are accumulations of 
mucus such as occurs in the cow. Although in the cow we can observe 
no great shedding of the vaginal epithelium after heat such as occurs in 
the rat yet the depth of the stratified epithelium increases about the time 
of heat owing to the oedema and accumulation of mucus within the cells. 

Gdriner’s Canals. These have been figured and described by 
Schmaltz (83) in the cow; they open one on each side of the vagina at 
the level of the urethral opening and their ducts may be seen in sections 
of the vagina cut above this level. 
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The canals lie buried in the connective tissue some little way beneath 
the epithelium and consist of a central slit-like duct with a few tubular 
glands opening into it. In those animals which have never been pregnant 
the canals are small and the tubular glands are in a relatively undeve- 
loped condition (Plate XX VII, 3). The canals are lined by a thin stratified 
or double layer of epithelium of which the outer is often cubical in form; 
the glands are lined by a single layer of cubical epithelium and contain 
a little colloid secretion (the appearance is very similar to the thyroid). 

Meyer (217) who examined Gartner’s canals in women states that they 
are probably rudiments of the male tract (Wolffian tract) and Baum- 
gartner (126) figures them as such in cow foetuses of 13 and 22cm. It 
is stated by Ballantyne that the tubules of the canals are better de- 
veloped in women who have borne children than in others. 

During pregnancy in heifers there is apparently a large development 
of the gland tubules (see p. 168) and occasionally they are the source 
of cysts when their ducts have become occluded. This has been pointed 
out by Ruder(is) who figures Gartner’s canal in a calf at the level of 
the cervix. Dohrn(219) and Kocks (220) have also given accounts of the 
appearance of the canals in women and animals. 

Roeder (221) examined the Gartner’s canals of a number of cows 
varying in age from 2 months to 16 years old and found that at any one 
age the length of the canals varied greatly and the canals in each side 
were very often unequal in length; he found that in old age they become 
much smaller. Cysts were found frequently which contained a yellowish 
clear fluid mucous secretion. 

We have seen one case of a vaginal cyst caused by a distention of 
Gartner’s canals with fluid (Plate XX VII, 1); this was from Cow 28 which 
was sterile and had also follicular cysts in the ovaries. Hess(41) states 
that he has frequently met with them but they are not important as 
causes of sterility. 

Barrington (222) has shown that in cats the epithelium of Bartholin’s 
glands becomes rich in mucus shortly before heat and also during the 
last half of pregnancy. Bartholin’s glands occur in the cow under the 
epithelium of the lips of the vulva but the changes occurring in them 
have not been determined. Marshall (223) states that these glands produce 
a viscid secretion during sexual excitement and Hess(41) frequently 
found cystic Bartholin’s glands in nymphomaniac cows. The structure 
of the clitoris has been described by Koch (224) in the calf. 
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(f) The Vaginal Discharges. 


The character of the vaginal discharges has been studied in detail 
for it was thought that it might be possible to diagnose from these the 
stage of the oestrous cycle and so obtain an estimate of the time a cow 
was due to come on heat. Stockard and Papanicolaou(38) have found 
that it 1s possible to do this in the guinea-pig and Long and Evans (37) 
have shown that the stage of the cycle could be determined from the 
vaginal discharges in the rat. 

A study of these discharges might also provide a basis for the diag- 
nosis of abnormalities of the reproductive tract caused by disease. 

With the naked eye it can be seen that the character of the discharge 
varies at different stages of the cycle. The vagina is comparatively dry 
during the greater part of the cycle; a day or two before heat it becomes 
rather moist; at the beginning of heat it shows a flow of clear fluid mucus; 
and towards the middle or end of heat the flow contains small cheesy 
yellowish white lumps. About the end of heat the mucus becomes 
thicker and just after heat frequently whitish in colour and very much 
less in amount. In most heifers this is followed about the second or third 
day after the beginning of oestrus by a flow of mucus stained with blood 
which usually lasts from 6 to 20 hours but may continue intermittently 
for 3 days (see Table XII). For one or two days after the blood flow 
has ceased the mucous secretion is small in amount and of a yellowish 
white colour and then usually about 6 days after the beginning of heat | 
the vagina appears comparatively dry and normal again, remaining in 
this condition until just before the next heat period. 

This general description of the character of the flow will apply in 
most cases but time variations occur in the same way as has been shown 
above for the length of the cycle and for the duration of heat. Also local 
conditions, such as a wound made by animals horning one another in 
the neighbourhood of the vulva, will alter the character of the flow just 
as mastitis or inflammation of the udder alters the cell content of milk. 
Table XVII shows the notes made on the nature of the secretions during 
five successive cycles in the same heifer. 

Table XVIII shows the character of the vaginal secretions together 
with the results of histological examination of smears from three different 
heifers at various periods during the oestrous cycle. Many cycles have 
been observed in this way and the following is a general account of the 
changes which usually occur. The method used was to take swabs from 
that part of the vagina next the vulva by holding apart the labiae with 
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Table XVII. Character of the vaginal discharges of a heifer (C 1) 


Period of cycle 
days before heat 


5 
4 
3 
2 


Beginning of heat 
2nd hour of heat 
4th * 

End of heat 


2 hrs. after end of heat 
6 


36 ” Mees 
2 days after beginning 
of heat 


one hand and with the other gently rubbing the 


From Sept. 10 From Sept. 30 


to Sept. 30 


Little mucus 
Dry 


” 


String of mucus 
Little mucus 


Blood on tail 


during five successive cycles. 


to Oct. 20 


Cycle 


From Oct. 20 
to Nov. 10 


Moist, little 
mucus 
String of mucus 


String of mucus String of mucus 


Moist 


— 


Blood on tail 
Blood on tail 
and flank 


— 


wool swab on the end of a glass rod. 
Films were then made from this swab and stained in various ways, 
but usually with Delafield’s and iron haematoxylin and eosin. 
A film taken about 3 days before an animal was due to come on 
heat, when the vagina was comparatively dry, showed only fairly 
numerous epitheloid cells from the vagina (Plate XVI, 1). 
A few hours before heat began, and when the vagina appeared moist, 
the films showed an occasional leucocyte and rather fewer epitheloid 
cells due to their dilution with mucus. 
At the beginning of heat, when there was a flow of clear mucus, 
films again showed only a few vaginal epithelial cells and leucocytes 
(Plate XVI, 2); but later in heat, when the cheesy lumps were excreted, 


From Nov. 10 
to Nov. 30 


Fluid mucus 


Moist 


99 


Slight mucous 
flow 


String of fluid 
mucus 


Thick lumps of 
mucus 


String of mucus 
with yellow 
patches 

Yellow mucous 
discharge 


Blood and 
yellow mucus 
Blood and mucus 


From Nov. 30 
to Dec. 21 


Dry 


Dry 


Fluid mucus 
Moist 


Moist 


Fluid mucus 
Fluid mucus 
with cheesy 
lumps 

Little mucus 


Thick mucus 


Moist 4 
Blood tinged 
mucus 
Little mucus 


Thick mucus 
Slight secretion 


Dry 
99 
33 


surface with a cotton- 
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1. Three days before heat (vaginal 2. Beginning of heat (mucus). 
epithelial cells). 


3. Seven hours after end of heat 4. Seventy-two hours after beginning 
(many leucocytes). of heat (blood). 


5. Thirty-four hours after end G. Fifteen days after heat 
of heat (epithelial cells and (epithelial cells) 
several leucocytes). 
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these were found to consist of masses of leucocytes with a few vaginal 
epithelial cells. 

After the end of heat, when the flow appeared milky, there was a 
very large number of leucocytes together with clumps of epithelial cells 
(Plate XVI, 3). 

About two days after the beginning of heat in most heifers red 
blood corpuscles were added to the flow (Plate XVI, 4). 

For another day or two or until about 6 days after the beginning 
of heat leucocytes still appeared in the secretions (Plate XVI, 5). 

After this time and until just before the beginning of the next heat 
the leucocytes disappeared from the flow and the swabs showed only 
vaginal epithelial cells (Plate XVI, 6). In some cases, however, it was 
found that leucocytes persisted for a day or two beyond the 6th day 
after the beginning of heat. Under some semi-pathological inflamed 
conditions of the vagina they may occur in all stages of the cycle. 

As has been shown above the bulk of the mucous flow is produced 
by the cervix although a certain amount comes from the upper end of 
the vagina. In order to determine the origins of the cells in the secretion 
swabs were taken from different parts of the reproductive tract after 
the animals had been killed at various stages of the oestrous cycle. 
Table XIX shows the details of these examinations and it will be seen 
that although a few leucocytes originate from the uterus and cervix 
yet the majority come from the vagina just above the urethra and 
that this area and that of the vagina next the vulva are the main sources 
of the vaginal epithelial cells. Observations on sections from the vagina 
_ (Plate XV) confirm this and the presence of leucocytes in the dis- 
charges from about the beginning of heat to about 6 days after it 
commences synchronises with the period of congestion and its subsidence 
in the vagina. The uterine epithelial cells are in appearance quite 
distinct from those of the vagina and they do not appear in the vaginal 
discharges. Moreover the semipendent position of the uterus in the cow 
renders it unlikely that its contents would flow easily to the vagina as 
it does in woman. That the uterus does not add materially to the vaginal 
discharges is seen by the fact that no red blood corpuscles were found 
in the cervix as might be expected if the blood flow came from the 
uterus and although small numbers of red blood corpuscles are found 
in the uterine mucosa they are mostly absorbed in situ giving rise to 
the amorphous masses of pigment in the process (see p. 88). 

To summarise, in the normal animal a few hours before heat 
smears from the vagina are characterised by the few vaginal epithelial 


No. of heifer: 
Stage of cycle: 


Uterus 

Cervix 

Vagina Next os 
Above 
urethra 
Next 
vulva 
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Table XIX. Cell content of smears from different parts of reproductive 
tract of heifers killed at various stages of the cycle. 


C5 
3 days before 
heat 


Nuclei of uterine epi- 
thelial cells 


Much stringy mucin, 
nuclei and small pat- 
ches of cervical epi- 
thelial cells 


Stringy mucin. Nu- 
clei of epithelial cells. 
Occasional leucocyte 


Clumps of vaginal 
epithelial cells 


Clumps of vaginal 
epithelial cells 


Gr 
On heat 


Nuclei of uterine epi- 
thelial cells 


Little stringy mucus. 
Few epithelial cells of 
cervix in patches and 
number of small granules 
staining with eosin 


Little mucus. Few epi- 
thelial cells. Large num- 
bers of leucocytes (poly- 
morphonuclear) 


Clumps of vaginal epi- 
thelial cells and large 
number of polymorpho- 
nuclear leucocytes 


Clumps of vaginal epi- 
thelial cells and several 
polymorphonuclear leu- 
cocytes 


C4 


48 hrs. after 
beginning 
of heat 


Uterine epithelial cells. 
On cotyledons epi- 
thelial cells, few leuco- 
cytes and some red 
blood corpuscles 


Thick mucus and pat- 
ches of cervical epithe- 
lial cells numerous 


Little mucin. Few epi- 
thelial cells. Several 
polymorphonuclear 
leucocytes. Large num- 
ber of red blood cor- 
puscles 


Clumps of vaginal epi- 
thelial cells. Several 
polymorphonuclear 
leucocytes 


Clumps of vaginal epi- 
thelial cells and several 
polymorphonuclear 
leucocytes 


C6 
72 hrs. after 
beginning 
of heat 

Nuclei of uterine epi- 
thelial cells. Few leu- 
cocytes (polymorpho- 
nuclear). Several red 
blood corpuscles 


Much mucin. Few epi- 
thelial cells. Large 
number of red blood 
corpuscles and leuco- 
cytes 


Little mucin. Few va- 
ginal epithelial cells. 
Large numbers of leu- 
cocytes (polymorph. 
and eosinophyl), few 
red blood corpuscles 


Large clumps of va- 
ginal epithelial cells 
and few leucocytes 


cells present owing to their dilution with mucin. For about 6 days after 
the onset of heat smears from the vagina generally show abundant 
leucocytes and often red blood corpuscles 2-4 days after the beginning 
of heat. During the remainder of the cycle only vaginal epithelial cells 
occur with now and then an occasional leucocyte. 

While the utilisation of vaginal smears may be of assistance in helping 
to diagnose the period of the cycle it is not infallible owing to the fre- 
quent occurrence of slight inflammatory conditions in the vagina caused 
by local irritations. 


(g) The Mammary Glands. 


The changes undergone by the mammary glands in the course of 
their development may be conveniently grouped into stages: (1) the 
development in foetal life, (2) postnatal development up to the age of 
puberty, (3) growth in the virgin animal after puberty and (4) the 
changes occurring during the different parts of the oestrous cycle. Later 


(see p. 168) the changes occurring during pregnancy will also be dealt 
with. 
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(1) The Development in Foetal Life. Foetuses have been obtained 
at the end of each ‘‘4 week” month of development from the 1st to 8th 
month of pregnancy. Some were bull calves and others heifer calves 
but, as will be seen from the description below, there was very little sex 
difference to be seen in the state of their development. Table XX gives 
a summary of the changes occurring in the mammary glands during the 
different months of embryonic life. 

The milk line and fold stages of the glands were not obtained as the 
foetus at 1 month old was required for other purposes. 

At 2 months the milk bud of thickened epidermis is formed from the 
lower layers of the skin epithelium; the top of the bud is level with the 
general skin surface but the bud itself lies below it. The centre of the 
bud is slightly depressed and is covered by a layer of rather flattened 
cells continuous with those of the outer layer of the skin (Plate XVIT, 1). 

At 3 months the milk bud is elongated and the centre shows a marked 
depression; the bud is now carried upon the raised dermis which forms 
the nipple (Plate XVII, 2). 

At 4 months the central depression forms a rather long irregular 
primary sprout which is hollow at its base; this runs in the centre of 
the nipple and bulges out below forming the cistern. The height of the 
nipple above the skin surface is increased. Hair buds are present in the 
general skin surface but the epithelium of the nipple is quite free from 
these (Plate XVII, 3). 

At 5 months the height of the nipple is still further increased and the 
primary sprout is now well differentiated into a narrow tube at the top 
of the nipple which forms the stricht-canal and a wide hollow tube 
below which forms the cistern, at the base of which large secondary 
lobular buds are being formed. The blood vessels are now very numerous 
and large throughout the nipple (Plate XVII, 4). In another foetus 
(from Cow 36) about this period but whose exact age was not known the 
lobules at the base and side of the hollow cistern were better developed 
and from them the tertiary sprouts of the minor ducts were being formed. 

At 6 months the apex of the nipple is still indented and the top is 
covered over by the outer or swollen layer of the cutaneous epithelium. 
The stricht-canal or narrow tube which issues from the apical depression 
is comparatively long and below it a large cavity, the milk cistern, is 
seen; a small part of this cavity lies in the nipple itself, i.e. above the 
general level of the skin surface, but the greater part lies below the 
skin surface or level at which the hair follicles develop. From the cistern 
walls short secondary sprouts are seen on all sides; these form the main 
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Heifer foetus at 2 months 
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Heifer foetus at 6 months. 


PLATE XVII 


2. Heifer foetus at 3 months. 


is 


Bull foetus at 5 months. 


6. Bull foetus at 8 months. 
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milk ducts. Small sprouts are to be seen coming from that part of the 
central cavity which lies in the nipple above the skin level but none 
appear from the stricht-canal. The blood vessels are large and numerous 
and are in the main situated in a ringed manner round the growing 
mammary tissue. In the subcutaneous tissue below this area groups of 
fat cells can now be observed (Plate XVII, 5). 

In another foetus (from Cow 39) at about this period, but whose 
exact age was not known, a very similar appearance was presented but 
in addition the tertiary sprouts forming the minor ducts were beginning 
to appear from the sides of the secondary sprouts or main milk ducts. 

At 7 months the appearance was very similar to the last stage but 
the cistern was more lobulated and the ducts had now almost reached 
the level of the subcutaneous fatty tissue; round the developing ducts 
was a mass of blood capillaries. In another foetus (from Cow 35) at 
about this period, but whose exact age was not known, the ducts were 
not so well developed although the cistern was large and lobulated. 
The mouth of the stricht-canal was plugged by a mass of horny epithe- 
lial cells. 

At 8 months the nipples are large and the stricht-canal is hollow and 
the epithelium lining it is horny on the outer side. The cistern is well 
developed and the main ducts (or secondary sprouts) are numerous, 
they are beginning to show the tertiary sprouts of the minor ducts and 
have almost reached the subcutaneous fatty layer. The blood vessels 
are large and numerous and form a network round the nipple and cistern; 
capillaries are very numerous round the cistern and milk ducts in much 
the same way as they surround the base of the hair follicles (Plate X VII, 6). 

The above account of the development of the mammary glands in 
the cow is on the whole similar to that given by Profé 225) in which the 
age of the foetus is not stated but only its length. We do not however 
agree in some of the details; for example, we have observed no case of a 
swollen mammary bud extending to the base of the nipple (his Fig. 16) 
but have found that the milk bud begins to elongate as the nipple is 
formed (Plate XVII, 2) and the first down growth from it appears as a 
narrow tube which soon becomes hollow at its lower end (Plate X VIT, 3). 
The mammary pouch or bud which first appears (Plate XVII, 1) forms 
the plug of epithelium in the mouth of the stricht-canal, that is, the 
whole original pouch does not grow down, enlarge and then become 
hollow but only its lower layer dips down to form a tube—the primary 
sprout; the nipple itself develops as a growth of the dermis which 
carries up the milk bud on its summit. We agree with him that the 
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primary milk sprout from the bud develops at the same time as the 
hair buds appear in the skin and that the duct system of the cow’s nipple 
is not (as Gegenbaur and Klaatsch describe) the persistent mammary 
bud but is formed (as Rein 226), Curtis and Tourneux describe) from the 
primary sprout (see Bonnet (227) and Bresslau (228)). Lustig (229), in woman, 
figures many and not one primary sprout from the milk bud. 

Zschokke (230) has recently described the development of the duct 
system of the mammary gland in cattle for foetuses of known lengths 
and in a few cases of known ages. He also agrees that the hair follicle 
formation starts at the same time as the primary sprout of the mammary 
gland. Since the teat itself is devoid of hair sprouts it is reasonable to 
suppose that in the growth of the nipple the mammary bud is partially 
expended in the formation of its epithelium and that the epithelium of 
the nipple is not formed by the unspecialised skin epithelium which 
produces hair follicles. We believe that not only does the mammary 
bud form an area at the apex of the nipple as Zschokke figures but that 
it also supplies the hairless part of the nipple epithelium. 

We agree with him that the primary sprout forms the stricht-canal 
of the teat (Plate XVII, 3 and 5) and that the lower lobulated portion of | 
this forms the cistern. In Plate XVII, 5 the comparative length of the 
stricht-canal appears large but, since the growing area of the nipple is its 
base and not its apex, this part becomes relatively small in the later stages 
of development (new-born and heifers). There is no evidence that the 
central hollow of the adult nipple is formed from this narrow portion 
but rather that in development it is produced from the first formed or 
apical part of the cistern. This would explain why rudimentary alveoli 
are frequently found in the walls of the adult nipple cavity as Rie- 
derer (143), Ernst, Mohler and Eichhorn 231) have described and we have 
also observed. The large milk ducts are the secondary sprouts formed 
from the lower (hollow) part of the primary sprout. The complicated 
network of blood vessels in the nipple is seen to be developed at an 
early stage. 

(2) Postnatal Development up to the age of Puberty. An anatomical 
description of the glands of calves from 2 to 6 months old has already 
been given above. Histological examination of these showed that the 
gland consisted of a milk cistern with a very small cavity from which 
a branching system of ducts had developed. No true alveoli had been 
formed but the ends of the branching ducts were rather swollen (Plates 
XVIII, 1 and XIX, 1). Included under this heading may be taken the 
case of the freemartin (No. 38) which (see p. 67) was three years old 


PLATE XVIII 


1. Mammary gland of calf 2. Mammary gland of freemartin 
6 months old. 3 years old. 


3. Mammary gland of heifer about Mammary gland of heifer 8 days 
14 hours before oestrus. after oestrus. 
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and had a very large udder but a very small amount of mammary tissue. 
Histologically the gland was in the same stage of development as that of 
calves of 6 months old, namely, with branching ducts but with no alveoli 
(Plates XVIII, 2 and XIX, 2). 

(3) Growth in the Virgin Animal after Puberty. Although to external 
appearances the udder of the freemartin quoted above was as large 
or larger than any of the virgin heifers examined (see p. 67) yet on 
staining the mammary tissue it was seen to be much less developed, 
the ducts of the heifers after puberty being about five times as long 
and the size of the milk cistern in them being much larger (see Plate V, 
1 and 2). Histological examination showed that while in the freemartin 
no alveoli had formed yet in virgin heifers after puberty a moderate 
quantity of alveolar duct tissue was present (Plates X VIII, 3 and XIX, 3). 
Thus between the calf which has not ovulated and the heifer which has 
ovulated there is a great difference in the appearance of the gland 
(compare Plate XVIII, 1 and 3); the former consists of ducts only while 
the latter contains marked lobules of alveolar ducts. Ernst, Mohler 
and Eichhorn (231) describe the gland in the new-born calf as consisting 
mainly of cell tubes and buds embedded in connective tissue rich in fat; 
the ends of the tubes are dilated but no true alveoli are present; at 
puberty the alveolar ducts appear and are surrounded by strong connec- 
tive tissue. The ducts of the gland as they grow develop in and along 
the thick bands of connective tissue in the udder, these are separated 
by masses of fat cells. 

(4) The Changes occurring during Different Stages of the Oestrous Cycle. 
Since at this stage of its development the area that the gland covers is 
a large one differences will be found in the histological appearance of 
small pieces taken from different parts of the gland, whether from near 
the milk cistern or from the branching upper ends of the ducts. 

If observations are confined to the lobules of alveolar ducts and 
more especially at their growing ends, changes can be seen in the alveolar 
ducts and their epithelium at different stages of the cycle (see Table XVI). 
Just before heat begins the lumen of the alveolar duct is large and filled 
with secretion and the epithelium is cubical (Plates X VIII, 3 and XIX, 3), 
whereas at 8 days after heat the lumen is small and the cells of the gland 
are almost columnar in shape (Plates X VIII, 4 and XIX, 4); and between 
these all gradations exist. 

It would seem as though the gland underwent a cycle of changes 
during the oestrous cycle corresponding to but lagging behind that of the 
corpus luteum, the mammary epithelium being enlarged during its 
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development and shrivelling during its involution. As has been pointed 
out above (see p. 68) the amount of the secretion drawn off from the 
nipples is not likely to vary so much as the character of the epithelium 
would suggest since the cistern acts as a reservoir. The chemical com- 
position of the secretion would suggest that the fluid is not altogether 
a result of secretion by the epithelial cells but consists in part of a 
filtration of fluids from the blood tending to fill the cistern. The presence 
of casein fat and lactose in the secretion at this stage (see Woodman 
and Hammond (169)) points to the activity of the alveolar ducts which 
histological examination shows to vary at different periods of the cycle. 

On the whole the histological changes in the mammary gland during 
the oestrous cycle are slight compared with the changes before and after 
puberty and also before and after pregnancy. The individual variation 
in development is also so great that the transient effect of the corpus 
luteum on the mammary gland during the cycle is often obscured. 

A comparison of the above described changes in the mammary gland 
of the cow with those that occur in the rabbit during pseudo-pregnancy 
(see Hammond and Marshall (60)) shows that the large development of 
ducts and alveoli which occurs in the rabbit during pseudo-pregnancy 
corresponds to the growth of the gland in the heifer at puberty when 
for the first time the corpus luteum is formed in the ovary. Since in the 
heifer another corpus luteum appears before the last has completely 
atrophied no great involution of the alveolar ducts and main ducts 
occurs as it does in the rabbit where a long period may elapse before 
another corpus luteum is formed. 

Myers (232) found similarly in the rat that great activity and growth 
- occurs at puberty when the differences between the mammary glands 
of males and females become marked. 

Loeb and Hesselberg (233) have studied the cyclic changes in the 
mammary gland of the guinea-pig and concluded that the corpus luteum 
was responsible for the secondary growth changes; they state however 
that the absence and not the presence of the corpus luteum was asso- 
ciated in point of time with the growth of the mammary gland, the 
maximum development of the mammary gland occurring at the time 
of heat and the minimum some 6 days after oestrus. The cycle in the 
guinea-pig however is short and in the rabbit (see Hammond and 
Marshall (60)) it is at least 5 days before the effect of the corpus luteum 
is seen on the growth of the gland so that, allowing for this delay period, 
it will be seen that the cycles in the ovary and mammary gland 
correspond. The effect of the corpus luteum on the mammary gland is 


PLATEH XIX 


1. Calf: 6 months old. 2. Freemartin: 3 years cld. 


3. Heifer: 14 hours before oestrus. 4. Heifer: 8 days after oestrus. 


THE MAMMARY GLAND. 
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well shown in the monoestrous dog (Marshall and Halnan(73)) where the 
following ovulation and formation of a new corpus luteum takes place 
at a long interval. 

Lenfers (234) has described the histological appearance of the udder 
of the cow before and during pregnancy and also during lactation and 
when dry; a detailed account is also given by Martin 235). Our observa- 
tions show that the histological appearance of the udder of the cow varies 
considerably not only with the period of lactation but also with indi- 
viduals and whether or not the alveoli are empty after milking or full 
before it. These variations are so great that it would be useless to look 
for cyclic variations in the udders of cows which have produced a calf. 


IV 
PREGNANCY 


Introduction. 


Oestrus and the rhythm of the reproductive organs are normally 
suspended during pregnancy and although we have been informed of 
cases of oestrus occurring occasionally during almost all stages of preg- 
nancy (see Appendix I (9)) no such cases have come under our direct 
observation. Schmid (16) found that heat might occur in the cow at all 
stages of pregnancy. Whether in these cases ovulation actually occurs 
must be doubted, although Williams(236) believes that it does occur 
and that pregnancy is not interrupted but the newly formed corpus 
luteum takes over the function of the corpus luteum of pregnancy. 
Since removal of the corpus luteum during pregnancy usually causes 
abortion it is difficult to see how this can happen, unless in the cow the 
formation of a new corpus luteum takes place so rapidly that the absence 
of its secretion is not interrupted; but this is doubtful. Strodthoff (59) 
from the rectal examination of cows’ ovaries concluded that an incom- 
plete cycle occurs during pregnancy but that the follicles usually became 
atrophic instead of ripening. He states that frequently a follicle does 
ripen during pregnancy and that the cow comes on heat; 9 cases are 
given of cows pregnant from 24 to 114 days which came on heat. 
Hess (41) gives the case of a cow which came on heat when pregnant and 
in which a small cyst was found in the ovary near the corpus luteum. 
In some animals, such as the rabbit, coitus normally occurs during 
pregnancy (Hammond and Marshall (24)) but ovulation never takes place 
and it may be that these cases in the cow are similar. 

There is a wide belief in practice that heifers which are in the early 
stages of pregnancy fatten more easily than those which are not pregnant. 
This is probably due to the fact that in these animals oestrus with con- 
sequent excitement and consumption of energy does not occur. 

The changes which occur in the reproductive organs during preg- 
nancy have been studied by killing heifers previously virgins, all about 
the same age, at the end of each 4-week period of pregnancy from the 
Ist to 8th month (Heifers P 1—P 9). 

In addition to these, material was collected from slaughter-houses 
and the stage of pregnancy estimated from the size of the foetus in 
comparison with these known stages. 
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The weighings, observations and treatment of the material were 
similar to those described above, made on animals killed at different 
stages of the oestrous cycle and all figures given for size are compar- 
able. 

The changes, both anatomical and histological, will be described in 
various sections below. Owing to limitations of time, space and money 
no experimental work has been done on this part of the subject; it is 
one which has received but little attention although its economic bearing 
on the nutrition of the young and abortion is considerable. 

The Diagnosis of Pregnancy. Clinically the diagnosis of pregnancy in 
the cow is important more especially in the early stages since in order 
to get cows calving about the same time each year there is not much 
time to be lost and the missing of one or two heat periods may disturb 
the supply of milk at a time when it is wanted. 

Diagnosis can be made from the result of a number of different 
observations, each considered separately being liable to error for some 
reason or another as will be shown below, but together they form a 
reliable method. 

The first symptom and the one which is generally used is the absence 
of heat at the expected time; this however is not infallible as heat may 
be prevented by the persistence of the corpus luteum (see Sterility, 
p. 184) or by conditions being unfavourable (such as tuberculosis) for 
the development of the follicle (see Cow A 4, p. 183) or may be so pio 
that its occurrence is overlooked (p. 18). 

The next symptom that is most common in general use is that of 
palpation of the foetus through the body wall by pushing in the right 
flank with the hand. This, however, can only be used in the later stages 
of pregnancy after about the 5th month and is not infallible as occa- 
sionally the calf may lie on the left side over part of the rumen when 
it is not felt and also a uterus filled with fluid gives much the same 
touch as an early stage of pregnancy. Sand (237) found that in 6 out 
of 11 cows the pregnant uterus was lying next the abdominal wall 
outside the omentum; in this position it can pass under the rumen and 
lie in the left side of the cow and in one of the 6 cows it was found in 
this position although it had been lying on the right side the day before. 
When the uterus lies within the omentum this cannot happen. In the 
heifer killed at the 8th month of pregnancy the movements of the foetus 
could be seen when the right flank was carefully watched. Experienced 
herdsmen state (see Appendix I (11)) that the foetus can be felt at 
6 months at which time movements can be felt when the cow is being 
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milked and some say that it can be determined as early as 4 months 
when no food is present in the stomachs. | 
Diagnosis by examination of the ovaries per rectum is possible only 
in the early stages (1-2 months), after this time the weight of the uterus 
pulls the ovaries down deep into the body cavity and they are not easy 
to handle. This examination requires care as injury to the corpus luteum 
is hable to be followed by abortion. If a large corpus luteum is present 
in the ovaries at the time when the first or second heat period after 
service is due there is a reasonable supposition that the animal is preg- 
nant, although a persistent corpus luteum has to be considered. 
Albrechtsen (120) states that it 1s possible to irrigate the pregnant 
uterus of a cow without causing abortion and has seen some 100 cases 
treated in this way up to 34 months of pregnancy. Oppermann (238), 
however, found that irrigation of the uterus in pregnant cows causes abor- 
tion in 24 hours. Examination of the uterus per rectum forms, espe- 
cially in heifers, a very easy and safe method of diagnosing pregnancy 
both in its early and late stages. In heifers the uterus normally lies well 
within the pelvic cavity; in cows, and more especially old ones in which 
the ligaments have become relaxed, the uterus hangs down further into 
the body cavity over the edge of the symphysis pubis. The normal 
position of the uterus in relation to the pelvis is well shown in figures 
given by Oppermann (239). As diagnosis of pregnancy per rectum depends 
in the early stages on the position, size and consistency of the uterus it 
is important to bear in mind the age of the cow when making an ex- 
amination, as differences exist in these points between heifers which have 
not produced a calf and old cows. It is believed too, although no syste- 
matic examination has been made, that the uterus is more mobile in the 
milk breeds (Friesian) than in the beef breeds (Shorthorn). Table XXI 
shows the results of the examination of the uterus per rectum from the 
3rd to 8th month of pregnancy in a series of heifers in calf for the first 
time. The first indication of pregnancy is the unequal size of the two 
horns of the uterus accompanied by a soft touch of the larger side as 
opposed to the firmer feel of the non-pregnant horn or uterus. 
Albrechtsen (120) states that in the first 5 or 6 weeks diagnosis cannot 
be made absolutely. After this time, however, the pregnant horn be- 
comes larger than the other one and in the latter part of the 2nd month 
pregnancy can be safely recognised by the palpation of a fluctuating 
oblong body in the larger horn. Zieger(110) says that a difference in 
size of the two horns can be observed at the beginning of the 2nd month. 
By the 3rd month the uterus has so enlarged as to hang down into the 
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Table XXI. Deagnosis of pregnancy by examination per rectum of 


No. of heifer: 1eS 


Stage of preg- 3 
nancy (mths.) : 


herfers in calf for the first time. 


Pt PS Pa P6 rg 
4 5 ii (sf 8 


Uterine horn— Dropped into At edge of Sunk in body Sunk in body Dropped in ab- Dropped in ab- 
position body cavity symphysis cavity. Division cavity dominal cavity ~“dominal cavity 
pubis between horns : 
not felt 
Uterine horn— os Soft Soft Soft Soft Soft 
consistency 
Uterine horns— — Swollen Large Large Very large Very large 
size 
Cotyledons — Not felt Not felt Could be felt Could be felt Could be felt 
Foetus — 5 5 Not felt Outlines not felt Limbs and move- 
ments felt through 
uterus 
Uterine artery — — — oo Pulsation dis- = 
tinct 
Ovaries One ovaryonly Not easy to Not felt Not felt Not felt Not felt 
felt feel 
Cervix — Distinct from Distinct from a Not very dis- Not very distinct 


uterus uterus tinct 


body cavity, falling over the edge of the symphysis pubis and carrying 
the ovaries with it so that these are difficult to find more especially on 
the side which is pregnant. By the 5th month the uterus has so in- 
creased in size that the line of division between the two horns of the 
uterus is quite out of reach as also are the ovaries. Sand (237) states 
that although at the 4th month the foetus can be palpated per rectum 
yet by the 5th month the uterus has sunk down into the body cavity 
so that it is impossible to feel it. By the 6th month the cotyledons 
could be distinctly felt through the wall of the uterus; Albrechtsen (120) 
states that the cotyledons can be first felt at the 3rd month. During 
the 7th month the limits of the cervix are not distinct from the body of 
the uterus but it appears to be pulled out by the weight of the pregnant 
uterus. Williams (236, p.141) states that in the latter part of pregnancy 
the cervix may be pushed back into the vagina to such a degree that 
it may even appear between the lips of the vulva when the animal is 
lying down. Zieger(110) says that from the 7th month of pregnancy, on 
account of the pull of the uterus, the cervix is drawn forward in front 
of the os pubis but towards the end of gestation the cervix is forced 
back again into the pelvic cavity. Reinhardt (240), however, figures the 
cervix in front of the os pubis just before birth. By the 8th month the 
limbs of the foetus and its movements can easily be felt through the 
wall of the uterus. 
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The accumulation of fluid in the uterus or the presence of a mummified 
foetus are circumstances liable to lead to error in diagnosing pregnancy 
by this method. 

Williams (236, p.157) has described changes in the pulsation of the 
uterine artery which can be felt against the angle of the pelvis (see 
figure by Oppermann (239)). The only observation made in this series— 
at the 7th month of pregnancy—showed the pulsations to be very marked 
and distinct at this time. 

A very useful indication of the presence of pregnancy in both cows 
- and heifers is the nature of the mucous secretions from the os. Although, 
as has been shown above (p. 54) the character changes at different 
periods of the oestrous cycle, yet the quantity is comparatively small 
compared with that during pregnancy, the amount in the cervix in- 
creasing as pregnancy advances. The mucous secretion during preg- 
nancy is always very thick and sticky and never fluid. It can be sampled 
by taking some from the cervix between the finger and thumb or can 
be obtained by hooking the os and pulling it back into the vagina and 
inserting a wire vaginoscope. Williams(241) found the cervical seal to 
be well formed at the 30th day of pregnancy. 

Oppermann (239) states that during pregnancy the vaginal walls are 
dry and more sticky than during the cycle and it is more difficult to 
insert the hand. 

The vaginal secretions do not form a certain guide as to the presence 
of pregnancy but absence of blood from the secretions in these animals 
which normally bleed after heat periods and the absence of numerous 
leucocytes from the secretion at a time after the next oestrus would 
have been due are indications that pregnancy may be expected. Local 
inflammations however and the occurrence of granular vaginitis 
(Wilson (242)) are liable to upset diagnosis based on these grounds. 

The nature of the fluid obtained from the nipples of previously 
virgin heifers in calf for the first time also serves as an indication of 
pregnancy, as will be seen from Table XXII. The fluid obtained up to 
the 4th month of pregnancy and also in the non-pregnant state is serous 
and very liquid; during the 5th month of pregnancy the consistency 
becomes thick and honey-like and of yellow colour, drying on the hands 
in white flakes. At the 7th month a secretion having the appearance 
of rich milk or colostrum was obtained but this heifer had been milked 
out when in the honey-like secretion stage. It is uncertain whether this 
appearance was produced normally or as a result of the previous milking, 
probably the latter, since the heifer killed at the end of the 8th month 
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and which had not previously been milked still showed the honey-like 
secretion such as occurred at the 5th or 6th month. Herdsmen have 
informed me (see Appendix I (11)) that even in cows in milk the nipples 
have a sticky feel when pregnant 3-4 months but no direct observations 
have been made on this point. 

Schmaltz(1) has described very fully the means of ascertaining 
whether a cow is pregnant or not and Williams (236, p. 150) also gives a 
detailed account of the methods of diagnosis of pregnancy in the cow; 
he states that in heifers distinct enlargement of the uterus occurs within 
20-30 days after conception but that in cows it cannot be observed until 
30-70 days after service. He believes that the best time to diagnose 
pregnancy is 18-20 days after service when the cow if in calf will have 
a large corpus luteum of pregnancy but if not pregnant then no corpus 
luteum can be felt in the ovaries. 

Duration of Pregnancy. No direct observations have been made on 
this point but enquiries were made from herdsmen (see Appendix I (10)) 
who state that the average time is 40 weeks but that with heifer calves 
it is slightly shorter and with bull calves slightly longer. Spencer (243) 
found in Shorthorn cattle that the largest number of cow calves were 
born on the 284th day and bull calves on the 285th day. Most au- 
thorities agree that the duration varies considerably ; Franck-Albrecht (244) 
give a very complete account of the literature on this point. Well- 
mann (245) found that Hungarian cows averaged 285 days whereas 
Simmental cows averaged 291 days and Wilhelm (see (244)) states that 
the average period of gestation in the Hungarian cow is some ten days 
longer than in the Dutch cow, that is, the period of gestation is shortened 
in the improved breeds. 

Ewart (246) states that in the horse the coarse types have a pregnancy 
of 356-359 days whereas in the finer breeds it is only 334-338 days. 
Since the duration of the oestrous cycle is reduced by better nutrient 
conditions (p. 11) it may be that nutrition acts in a similar way in both 
cycle and pregnancy by affecting the life of the corpus luteum. 
Marshall (247) states that in dogs the smaller breeds tend to have a some- 
what shorter period of gestation than the larger but Smith (248) believes 
that this is not so. Lefour (see (243)) states that the period of gestation 
is longer in the larger German breeds of cattle than in the smaller ones. 
Wellmann (245) found that in mares there is a difference in the length of 
the gestation period according to the season of the year; pregnancy 
averaged 322 days when the births occurred in July and there was a 
constant increase up to May when the average duration was 346 days; 
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he also found a similar variation in cows but to a smaller extent. Since 
it has been shown (p. 11) that the length of the oestrous cycle varies with 
the time of year, probably through the life of the corpus luteum, it is 
not unreasonable to suppose that similar effects are caused in pregnancy. 
Williams (236) states that the normal variation of the duration of preg- 
nancy in the cow is 20-30 days on the average duration of 280 days. 
He shows that the variation cannot be due to the time of oestrus at 
which service takes place as it only lasts a short time; moreover the 
egg is shed after oestrus itself ends. He believes that the variation is 
due to the fact that the foetus can be expelled in a state of relative 
immaturity; while this is no doubt true it does not account for the 
variation beyond the average time of 280 days. Periods of 321 days and 
more have been recorded by various writers (see Franck-Albrecht (244)). 
Berry-Hart (249) believes that in cows variation in the duration of preg- 
nancy is caused by the spermatozoa injected at one heat period living 
and fertilising the egg shed at the next period, but the variation curves 
which he gives do not support this view for there are no peaks at 
3-week intervals. He quotes data collected by Krahmer which show 
that while the gestation periods of one individual may vary there are 
also large individual differences; in 8 cows the longest individual average 
was 302 days and the shortest 277 days. In woman where coitus is 
allowed at any period of the cycle the duration of pregnancy might be 
affected by the period between insemination and fertilisation (see 
Triepel(70)) but this is only a few hours in the cow. 

It has been shown above (p. 9) that the variation in the length of 
the cycle due to the duration of the corpus lutuem may be normally 
about 5 days in a cycle of 20 days; since the duration of the corpus 
lutuem in pregnancy is 14 times as long it will be seen that the varia- 
tions in both pregnancy and the cycle are of the same degree. No 
opportunity has occurred for testing whether cows which have ab- 
normally long or short oestrous cycles have also abnormally long or short 
gestation periods; Vignes(188) gives figures for women which indicate 
that this is so, cycles of 30-40 days averaging a pregnancy of 288 days 
whereas cycles of 21-26 days averaged a pregnancy of 269 days. There 
is much room for experimental investigation on this point and in deter- 
mining whether the development of the foetus or the corpus luteum 
regulates the length of pregnancy and is the cause of birth or whether 
the pituitary plays any part in the process. A knowledge of these facts 
would be of assistance in combating abortion. 

Parturition. No detailed study has been made of parturition in the 


120 Reproduction in Cattle 


cow but it has been observed incidentally and the symptoms of ap- 
proaching parturition have been ascertained from experienced herdsmen 
(see Appendix I, (12)). They say that the vulva swells usually about 
a week but sometimes up to 6 weeks before calving; the ligaments relax 
and the skin drops on each side of the tail head between the pin bones 
(relaxation of sacro-sciatic ligament) from 24 hours to a few hours before 
calving; a flow of slime takes place from the vulva anything from 4 days 
to 3 hours before parturition and is occasionally seen some two months 
before; the udder swells markedly about a week before calving and just 
before parturition takes place, the cow appears uneasy and restless and 
stands apart from the others, while urine is passed rather frequently. 

Zieger (110) found that the pelvic ligaments began to sink as much as 
4—6 weeks ante-partum and became normal again about 8-12 days post- 
partum; he found that pregnancy could be detected by auscultation of 
the foetal heart-beat which varied from 112 to 150 as compared with the 
mother’s 75-85 rate. The relaxation of the sacro-sciatic ligament before 
parturition has been described by Fuhrimann 250) who points out that 
it also occurs under other conditions such as cystic ovaries and consists 
of a serous infiltration. It will thus be seen that serous infiltration and 
swelling occur in the pelvic ligament, vulva and mammary gland just 
before parturition; since the same symptoms occur in cases of nympho- 
mania (cystic ovaries) it must be concluded that all are due to stimuli 
of ovarian origin. The literature on the relaxation of the pelvic liga- 
ments has been summarised by Schmaltz(). 

Limmer (251) and Stapel (252) both found a slight rise in body tem- 
perature of the cow during gestation and a drop just before calving. 
Weber (253) states that the average rise is 1-6° and that the drop begins 
from 52 hours to 15 hours before calving. 

It will be seen that the symptoms of parturition are very similar 
but more intense than those which occur at the end of pseudo-pregnancy 
or during a normal heat period. It is possible that these sets of symptoms 
are caused by the reduction in quantity of the ovarian hormone or 
atrophy of the corpus luteum and that the difference in degree between 
pro-oestrus, the end of pseudo-pregnancy and parturition is due to the 
duration of the trophic action of the ovarian hormone. Abortion and 
symptoms similar to parturition are produced by removing the corpus 
luteum during pregnancy. In the rabbit the end of pseudo-pregnancy 
which coincides with the atrophy of the corpus luteum is often followed 
as in true pregnancy by the pulling out of fur and making of a nest 
(see Hammond and Marshall (24). 
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An objection to this view, however, is that the cow does not usually 
take the bull and the follicle does not ripen until about 30 days after 
calving, but it may be that desire for coitus is distinct from the other 
objective signs, such as swelling and bleeding, and that a degree of 
involution of the corpus luteum which is not sufficient to supply the 
trophic needs of a large uterus and its contents is still more than suth- 
cient to prevent the ripening of the follicle (compare menstruation and 
ovulation in women, p. 27). 


(a) The Ovares. 


The Corpus Luteum. The chief interest in the ovaries of pregnant 
heifers lies in the corpus luteum. As will be seen from Tables XXIII 
and XXIV the corpus luteum in a pregnant animal persists at maximum 
size throughout gestation (see Plate XX, 1 and 2) instead of disappearing 
as in the cycle after a life of three weeks. Moreover it will be seen that 
the diameter of the corpus luteum of pregnancy is slightly, but not much, 
more than its maximum development in non-pregnant heifers of the 
same age, being 2-0 cm. in the latter (variation 1-9-2-1) and 2-1 cm. in 
the former (variation 2-0—2:3). Its small but not marked increase in 
size during pregnancy suggests that its life is prolonged by maintenance 
of favourable conditions of life rather than direct stimulus to growth by 
the condition of pregnancy. Although the actual size of the corpus 
luteum does not change, during pregnancy, its form alters slightly; at 
first it protrudes from the ovary but later tends to sink into the ovarian 
stroma and becomes more rounded instead of oblong. The colour— 
a yellowish orange—remains much the same throughout pregnancy 
without marked changes such as occur during the cycle; the colour is 
much the same as that of the periodic corpus luteum at mid-cycle, as 
has been pointed out by Kiipfer (89). 

In histological appearance too the main difference between the 
corpus luteum of pregnancy and the periodic corpus luteum is that the 
former maintains its organisation throughout pregnancy up to at any 
rate the 8th month (and the investigation has not been taken further) 
and shows no change either in size (see Tables XXIII and XXIV) or 
structure (see Plates VIII, 6 and X, 4), its appearance being almost 
identical with that of a corpus luteum during the mid-period of a cycle 
(Plates VIII, 2 and IX, 4). On the other hand the periodic corpus 
luteum undergoes atrophic changes three weeks after its formation. 

Several investigators have examined corpora lutea to find out whether 
any differences existed in the histological structure of the corpus luteum 


Reproduction in Cattle 


Table XXIII. Size and weight of parts of the ovaries of heifers 
pregnant for the first tume. 


No. of heifer P2 P4 P3 a P5 Pa P6 BY 
Month of pregnancy nat 1 2 3 4 5 6 7 8 
Approximate age (yrs. and mths.) 2-6 2-0 2-6 2-6 3-0 3-0 2-6 3-0 
Weight of ovary (gm.) Ovary with corpus luteum 10:9 10-1 8-65 = 7-3 1-9 ~ 10-0 ~“E-0 7-0 
Ovary without corpus luteum 5:3 3v7 3:55 843 3°35 ©6339 5-9 2-8 
Diameter of corpus C.L. of pregnancy 2-3 2-0 2:3 2:0 2:05 2:13 2-0 2-13 
luteum (cm.) C.L. of previous ovulation. 0-6 — — — — = = ree 
Diameter of Graafian Largest 1-1 1-1 1-2 1:3 1-1 0-8 0-4 1-0 
folticle (cm.) Next largest 0-5 0-9 0-4 0-8 0-8 0-8 0-4 0-7 
Table XXIV. Size and weights of parts of the reproductive organs of 
pregnant cows and hevfers. 
No. of animal Se as wee 42 Al 18 39 43 36 30 
Approximate stage of pregnancy (mths.) ee eo 1 3h 34 4} 4} 5 6 
Approximate age ... Heifer Heifer 2nd calf Ist calf Ist calf Ist calf Cow 
preg. 
Ist time 
Ovary (weight gm.) Ovary with corpus luteum 12-0 iG 10-7 7:3 8-5 120 9-9 
Ovary without corpus luteum 4-0 3:0 oT 3:8 4:8 4-2 3-1 
Corpus luteum (diameter cm.) 2-4 2-2 2:3 2:3 pea 2:3 2-1 
Graafian follicle Largest 1-0 1:1 1:3 1-1 1-1 jkr | 0-7 
(diameter cm.) Next largest 0-9 0-7 0-3 0-4 0-5 0-4 0-6 
Uterus and contents (weight gm.) --- 4,200 7,000 — 48,400 121,000 
Foetus (weight gm.) 3 340 560 1,010. 1100 2,860 5911,925 
Mammary gland (weight gm.) —— —— 2,600 — 4.580 1,440 — 


of pregnancy and that of the periodic corpus luteum. Ravano (254) could 
find no essential difference in women and Marcotty (255) also found in 
women that the corpus luteum of pregnancy remains in the well de- 
veloped premenstrual state of the periodic corpus luteum; he describes 
a few minor differences such as the greater distinctness of the central 
plug and the more frequent occurrence of calcareous concretions in the 
corpus luteum of pregnancy but we are unable in heifers to distinguish 
with any certainty between the two types. Hammond (256) found in the 
rabbit that the corpora lutea of pregnancy slightly exceeded in size 
those of pseudo-pregnancy and Corner (107) in sows found the corpora 
lutea of pregnancy to be slightly larger than that of the periodic corpus 
luteum. Marcotty (255) states that in women the corpus luteum of preg- 
nancy only equals in size the maximum stage of the periodic corpus 
luteum. 

In heifers up to the 8th month of pregnancy no sign of degeneration 
exists in the corpus luteum and since after parturition a cow does not 
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3. Ovaries of sterile cows. 
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normally come on heat for about 30 days it may be concluded that the 
atrophy of the corpus luteum is delayed until that time. Delestre (100) 
states that in the cow degeneration of the corpus luteum begins after 
the 5th month of pregnancy; he based his conclusions however only on 
histological examination and made no measurements of the size of the 
corpus luteum. Schmid 16) describes degeneration (histologically) of the 
corpus luteum as early as the 2nd month of pregnancy but the measure- 
ments of size that he gives show no decrease during pregnancy (see 
Table X XV, ce). From his plates it appears to us that he has taken con- 
nective tissue cells for degenerate luteal cells. Zietzschmann (26) states 
that the corpus luteum of the cow during pregnancy maintains its 
maximum development for a long time and until just before parturition. 
Kiipfer(89) who made detailed measurements of the corpora lutea of 
cows during the cycle and during pregnancy concluded that the corpus 
luteum of pregnancy was not larger than the periodic corpus luteum 
and gives two cases of non-pregnant animals at the 16th day of the 
cycle in which the corpora lutea were larger than those of any pregnant 
animals. He states that the corpus luteum is largest during early 
pregnancy and becomes slightly reduced in size towards the end, but 
his figures show considerable variation and were obtained from animals 
of different breeds which we consider would account for the variations 
in size observed. He states that after parturition the corpus luteum of 
pregnancy degenerates in the same way as does the periodic corpus 
luteum and the cow ovulates again 16-21 days after calving. Corner (107) 
also found in the sow that the degeneration of the corpus luteum after 
parturition was essentially the same as that which takes place in the 
periodic corpus luteum at the end of the cycle. Williams (84,p. 262) states 
that the corpus luteum of the cow remains at full size up to and through 
parturition and does not normally atrophy until 30-60 days after the 
termination of pregnancy when she is again on heat. Direct weighings 
of corpora lutea at different known stages of pregnancy have been made 
in the cow by Bergmann (257) and are shown in Table XXV (c); from 
these it will be seen that full size is maintained until the end of preg- 
nancy. Hess(41) states that heat does not normally occur after par- 
turition until such a time (6-8 weeks) as the corpus luteum atrophies. 
The weight of the corpus luteum may be estimated indirectly by 
comparing the weight of the ovary which contains the corpus luteum 
with the other one without this body. The ratio between the two is 
shown in Table XXV (a) for pregnant heifers and it will be seen by © 
comparing these figures with those given in Table IX for non-pregnant 
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Table XXV. Wezghts and relative size of two ovaries in pregnant cows and heifers. 


(a) Hevrfers of known stages of pregnancy. 


Stage of pregnancy (mths.) 1 2 3 4 5 6 7 8 

No. of animal Pe P4 P3 PA P5 Poy Pio P9 

Sum weight of two ovaries (gm.) 16-2 13-8 12-2 11-6 11:2 13-9 16-9 9-8 
Pee. ith lut 

IRE Cp eel ela a eos abel eames (NoPE UEP ye | TREES OM Thfi) Piao Sia oy | ete 


Ovary without corpus luteum 


(6) Hevfers and cows of estimated stages of pregnancy (from weight of foetus). 


Stage of pregnancy (mths.) uf 34 34 4} 44 5 6 

No. of animal 42 4] 18 39 43 36 35 

Sum weight of two ovaries (gm.) 16-0 10-7 16-4 11-1 13:3 11-2 13:0 
.. Ovary with 

Rabi oan ee OCERDS TUT 522150 OOM Mas 7 eee SLSR Ua TSO HITS) Gye amNeTo 


Ovary without corpus luteum 


(c) Herfers and cows of known stages of pregnancy (from Bergmann (257)). 


Month of pregnancy 2 3 4 5 6 ef 8 9 
No. from which calculated 3 6 13 ff 4 3 5 5 
Sum weight of two ovaries (gm.) 12-0 18-1 17-6 19d. 20-0 19-6 17-3 14-6 


Ratio 


Ovary with corpus luteum 


Ovary without corpus luteum ~~” 224 148 nA 148 126 180 198 204 


Weight of corpus luteum (gm.) 4-5 4-7 5:5 4-9 4-8 5:8 4-9 5-1 


(d) Heifers and cows separately of estumated stages of pregnancy 


(from lengths of foetus) (from Kiipfer (89)). 
Month of pregnancy 1 2 3 4 5 6 
No. from which calculated Heifers 4 4 5 2 1 2 
Cows 2 1 1 af L 5 
Sum weight of two ovaries (gm.) Heifers 15:5 15-0 15:8 14-7 12:7 12-2 
Cows 20:9 23:8 16:5 14-1 23-1 24-7 
ith Heifer 2 1 
Ratio Ovary with corpus luteum 100 eifers 06 211 243 198 217 184 


Ovary without corpus luteum — Cows 175 183 150 182 165 181 


(ec) Hezfers of estimated stages of pregnancy (from Schmid (16)). 


Stage of pregnancy (mths.) 1 2 3 6 8 10* 
No. of animals 2 2 2 1 ] ui 
Sum weight of two ovaries (gm.) — 14:3 13:9 — 10-4 22:5 
Ratio ee, 2+ loge ies OO ES RE, 
Size of corpus luteum (cm.) 2-0 2-0 1:8 2:3 2-1 1-9 


* A cow. 
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heifers of the same type and age that there is in pregnancy a slight 
increase in the weight of the ovary containing the corpus luteum in 
proportion to the other ovary above that which occurs at mid-period 
of the cycle. Such increase can be accounted for by slight increase in 
the diameter of the corpus luteum as has been shown above. 

As can be seen in Table X XV from our own results (a) and (6) and 
from those of Kiipfer (89) (d), Schmid (16) (e), and Bergmann (257) (c) there 


weight of ovary with corpus luteum 


iso NO. alieraelon INU PANO 
weight of ovary without corpus luteum 


due to the period of pregnancy, thus proving indirectly that the corpus 
luteum maintains its size throughout pregnancy. 

Table XXV also shows that there is no constant change in the sum 
weight of both ovaries during pregnancy which negatives the idea that 
there is any hypertrophy of the stroma or interstitial cells of the ovary 
(if such exist) in the cow during pregnancy. 


weight of ovary with corpus luteum 


The ratio varies with the 


weight of ovary without corpus luteum 
age of the animal as will be seen from Kiipfer’s results (Table X XV (d)), 
being greater in heifers than in cows owing to the accumulation of 
ovarian stroma in the latter (see p. 47). Variations that exist in the 
ratio of one ovary to the other during pregnancy (see Table XXV) 
depend on the total weight of the ovaries, the larger the total weight 
(owing to ovarian stroma growth) the smaller the ratio. This cause will 
explain the variations which occur in the ratio of the two ovaries during 
pregnancy in different animals and it can be said that the cyclic altera- 
tion in ratio between the two ovaries due to the formation and atrophy 
of the corpus luteum (see Table IX) and the ripening of follicles is 
absent during pregnancy. 

Corner (107) found in the sow that, in the cycle, the time of com- 
mencing involution of the corpus luteum (15th-19th day) normally 
begins a few days after the period at which the foetal membranes have 
become attached to the uterus in the pregnant animal (10th-15th day). 
Much the same time relations occur in heifers; the foetal membranes 
of one killed at the end of the first month of pregnancy had not yet 
become attached to the cotyledons by foetal projections. In the closely 
related sheep in which heat occurs every fortnight or three weeks the 
blastodermic vesicles remain free till the 17th day (Assheton (258)). 
Meyer (259) concluded that the life of the granulosa cells or corpus luteum 
under various conditions synchronised with the life of the ovum which 
they nourished. 


126 Reproduction in Cattle 


Hammond (256) found in the rabbit that, by removing the foetuses 
and leaving the foetal membranes attached to the uterus, the cause of 
the persistence of the corpus luteum originated in the foetus. Loeb (47) 
however states that the production of deciduomata in the guinea-pig 
prolongs the cycle and he concludes that the production of these bodies 
in the uterus prolongs the life of the corpus luteum, but he made no 
direct measurements of the size of the corpus luteum under these con- 
ditions. He also found in a case of extra-uterine pregnancy that the 
foetus did not prolong the life of the corpus luteum. Long and Evans (22) 
in the rat found no delay in ovulation following insertion of threads 
into the uterus, although no decidua were produced under these con- 
ditions; they found however that when the life of the corpus luteum is 
prolonged, as in lactation, deciduomata can be produced by this method 
and Loeb’s conclusions are open to the criticism that variations in length 
of the life of the corpus luteum affect the formation of deciduomata 
rather than that the deciduomata cause prolongation of the life of the 
corpus luteum. The same criticism applies to Zschokke’s (40) statement 
that an irritation of the cow’s uterine mucosa following infection (such 
as occurs in contagious abortion and granular vaginitis) causes the corpus 
luteum to persist. While this supplies a very plausible argument as to 
the cause of persistent corpora lutea (and they are said to be frequent 
after contagious abortion) we do not consider that it has yet been proved 
that foreign bodies in the uterus will cause persistent corpora lutea. 
Krainz (260) found in bitches that long-retained foreign bodies in the 
uterus do not hinder the onset of a new heat period, although in this 
animal true deciduomata are not found but only greater glandular growth 
occurs. 

Whether the action of the foetus on the life of the corpus luteum is 
one of direct stimulation by means of internal secretions (which is 
rendered doubtful by Loeb’s case of extra-uterine pregnancy) or is due 
to the continual utilisation from the uterus by the foetus of either the 
products of, or substances similar to, those which probably cause the 
death of the corpus luteum (p. 81) is at present unknown. The latter 
view obtains some support from the fact that large quantities of lipoid 
are found in the placenta (Bienenfeld (261)). In birds large quantities of 
lipoids are stored in the yolk but in mammals the bulk would have to 
be supplied by the placenta. Smith (262) has shown that in crustaceans 
the lutein is formed in the liver and transferred to the ovary. Loeb’s 
and other investigators’ experiments indicate that continuous new 
stimulation by cutting or foreign bodies is necessary for the develop- 
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ment of deciduomata and it may be that the accumulation of the pro- 
ducts of development hinders further growth unless it be removed by 
a living foetus or destroyed by a wound. 

Ewart (263) found in the mare that gestation is most likely to become 
interrupted and abortion to follow between the 6th and 9th weeks of 
pregnancy during which time the embryo loses its primitive attachment 
to the uterus before acquiring its more permanent connections. The 
mere freedom of the membranes will not explain abortion under these 
circumstances, for a similar free unattached state occurs before the 
primitive attachments are made and abortion does not occur then. It 
is more probable that the life of the corpus luteum is affected at these 
times by one or other of the means indicated above. 

It has frequently been stated that the corpus luteum is not necessary 
for foetal life and the continuance of pregnancy during the latter half of 
gestation (Marshall and Jolly 264), Kleinhaus and Schenk (265)); others 
have gone so far as to say that the corpus luteum undergoes involution 
during the second half of pregnancy. That the latter is untrue as far 
as size and structure goes is shown in Table XXIII and by Berg- 
mann (257) in the cow, by Hammond (256) in the rabbit and by Corner (266) 
in the sow. Hess (41) states that squeezing out the corpus luteum from 
the ovary is the simplest way of causing artificial abortion in cows and 
that abortion occurs within 24—48 hours after the operation. Schmaltz (1) 
also states that removal of the corpus luteum in the pregnant cow in- 
variably causes abortion and quotes Zieger to the effect that this occurs 
48-54 hours after the operation (cf. time of heat after removal of corpus 
luteum, p. 15). We have no experimental evidence on this point in the 
cow but in the rabbit removal of the ovaries in the latter half of preg- 
nancy has always been attended by abortion (Hammond and Marshall (24) 
although the time at which abortion occurs after removal appears to 
increase with the stage of pregnancy. This confirms previous work on 
the rabbit by Blair Bell and Hick(67). Weymeersch(62) found that 
removal of the corpus luteum in rabbits caused foetal atrophy and ab- 
sorption during the first half of pregnancy but caused abortion during 
the second half. Fraenkel (42) found in the rabbit that foetal atrophy 
occurred after the removal of the corpora lutea, but that the number 
of the corpora lutea could be reduced to less than one-half of 
the number of the foetuses before development was interrupted. 
Kitipfer (89) found in the cow that in cases of twin pregnancies the size 
of each corpus luteum was slightly smaller than in the corresponding 
period of a single pregnancy and that when one foetus degenerates 
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both corpora lutea develop as though two normal embryos were 
present. 

Follicular degeneration. The persistence of the corpus luteum 
throughout pregnancy will explain why the rhythm of the reproductive 
organs is absent during gestation since it has been shown (p. 15) that 
the life of this body controls the rhythm during the cycle. Fellner (268) 
believes that in woman there is a rhythm in the ovaries during preg- 
nancy but he based his conclusions on blood pressure readings and not 
on direct observation of the ovaries themselves. ! 

During pregnancy follicles may attain their full size (excluding the 
pre-ovulation increase) but in those heifers killed during the 6th and 
7th months no large follicles were present (see Table XXIII). The 
occurrence of large follicles in some cases shows that the presence of a 
corpus luteum in the ovary does not necessarily prevent a Graafian 
follicle from increasing in size, as is also seen by the gradual increase 
in size of the follicle during the cycle (p. 41). The presence of an active 
corpus luteum does however prevent the pro-oestrous increase in size and 
also the subsequent ovulation. These results are more or less in accord- 
ance with those obtained by Loeb (269) in the guinea-pig. 

Whether the follicle which has attained large size (and would nor- 
mally rupture at the next heat period had not pregnancy occurred) 
persists throughout pregnancy or whether it atrophies and is followed 
by the development of others has not been determined; examination 
per rectum of ovaries in which only one follicle is shed at each heat 
period (such as the cow) at intervals during the period of pregnancy 
would decide this. 

Follicular atrophy is however greatly increased during pregnancy. 
A comparison of the frequency of atrophic follicles in the ovaries of 
non-pregnant and pregnant heifers shows that there is a great increase 
of atrophy during pregnancy and few ovaries of pregnant cows or 
heifers (more especially in the later stages of pregnancy) have been seen 
without large numbers of atrophic follicles. 

Kiipfer(s9) found that the number of follicles in the ovary visible to 
the naked eye decreased towards the middle and end of pregnancy. 
The extent to which atrophy occurs no doubt depends on the food 
content of the special substances required for follicular growth, the 
availability of which in pregnancy is reduced by the requirements of 
the corpus luteum. That feeding affects atresia of the follicles has been 
shown by Loeb (33) in the guinea-pig and similar changes occur during 
lactation on a moderate diet in rabbits (Hammond and Marshall (24). 


PLATE XXI 


1. Atrophic follicle—early stage. 2. Atrophic follicle—mid-stage. 
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3. Atrophic follicle—late 4. Wall of small follicle. 
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Follicular atrophy in the cow has been described and figured by 
several investigators. Delestre(100) found that the granulosa disappears 
and connective tissue ingrowths from the theca occur; sometimes the 
granulosa cells become detached en bloc and are seen floating in the 
liquor folliculi; this we can confirm. 

Schmaltz (83) also describes and figures stages in the degeneration 
process with ingrowing connective tissue. Marshall and Peel(3) have 
also figured atrophic follicles from very fat. heifers which show in the 
centre remains of the granulosa surrounded by a mass of ingrowing 
connective tissue. Simon(109) found atrophic follicles in cow’s ovaries 
and describes them as containing a centre of degenerate granulosa cells 
and a shrivelled flattened ovum surrounded by a rosette of clear cell- 
free connective tissue; he also figures various stages of atrophy. A similar 
clear layer between the degenerate granulosa and ingrowing stroma has 
been figured by van Beek(197) in the degenerate follicles of calves (late 
foetal or a few days old). 

Our own observations show that during pregnancy many of the 
smaller follicles degenerate before becoming mature. The appearance of 
degeneration is first seen in the granulosa which frequently becomes 
detached from the theca and tends to collect in a mass in the middle 
of the follicle while the liquor folliculi is absorbed and the cavity is filled 
in by a growth of connective tissue cells from the theca. Occasionally 
a few of the granulosa cells escape the general degeneration and 
hypertrophy, forming small luteal cells. Successive stages of follicular 
degeneration are shown in Plate X XI, 1 to 3. 

Another type of follicular atrophy, distinct from the above, and 
associated with bleeding into the follicular cavity also occurs in the 
cow (see p. 183, Cow A 4). K&appeli(0s5) has described and figured this 
type in the ovaries of calves of the Russian Steppe breed at 2 months 
old and in a Simmenthal calf of 5 weeks old; he states that degeneration 
was caused by chromatolysis of the granulosa and blood entered the 
follicle from the theca interna. A similar type of atrophy occurs quite 
commonly in the rabbit (Hammond and Marshall (24). 


(6) The Uterus and tts Contents. 


The economic importance of the changes occurring in the pregnant 
uterus of the cow, which are described below, lies very largely in the 
comparison of these normal changes with those that occur in cases of 
contagious abortion and which should present evidence as to the way 
in which parturition or abortion is brought about. In addition the 
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changes throw light on the food requirements of pregnant animals and 
the nutrition of the foetus, with the possibility also that some of the 
changes described may affect the growth of the udder. 

(1) The Size and Proportion of the Parts. 


The increase in the size of the uterus and its contents during preg- 
nancy is shown in Table XXVI (a) and in Diagram II, from which it 
will be seen that the rate of gain is very rapid and increases in amount 
and in actual, although not in relative, velocity as pregnancy advances up 
tothe 8th month. During this time the weight is increased a hundredfold, 
from 320 gm. at the end of the lst month to 32040 gm. at the end of 
the 8th (4 weeks) month of pregnancy. 


Grs. Weight 
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Diagram II. Increase in weight of uterus and its contents during pregnancy. 


The composition of this increase in weight is seen in Table X XVI (a). 
Unfortunately in the bulk of the material the foetal membranes were 
not separated from the cotyledons of the uterus when in a fresh con- 
dition, but this was done after fixing in formalin; in this condition the 
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foetal placenta did not pull away from the cotyledons easily so that in 
our results the weight of the uterus is relatively too high and that of 
the foetal membranes too low. The figures for the different months are 
however comparable except those of P 9 in the 8th month, when the 
membranes were separated in a fresh condition and in which, as com- 
pared with the others, the membranes are too high and the uterus 
too low. ) 

Similar weights for the components of the pregnant cow’s uterus 
have been given by Colin 270) and Franck-Albrecht (244, p. 97), but in most 
cases the exact period of pregnancy was unknown. 

The changes occurring in the pregnant uterus may be viewed in two 
ways: (1) the actual increase in weight of the different parts and (2) the 
relative growth of the parts or percentage which each forms of the 
whole at different stages. 

(1) Diagram III shows that the actual increase in weight is due to 
different parts in the various stages; from first to last however the 
increase is mainly due to the foetus, then to the foetal fluids, and to a 
smaller extent to the growth of the uterus and foetal membranes. 

The foetus however, as will be seen from this diagram, plays but a 
small part in the increased weight at first but takes a larger and larger 
share in the increase until towards the end the bulk of the increase in 
weight is due to foetal growth. While up to the 3rd month the foetus 
forms the smallest part, of the whole yet at the 8th month it weighs 
‘more than all the rest of the parts together. The growth curve given 
corresponds very closely with that shown by Vignes (188) for man. 

Our own material has been limited so that no opportunity has been 
obtained for @ding the variation in weight of the foetus at any one 
age. Hckles(271) and Haigh, Moulton and Trowbridge (272), have shown 
that the birth weight of calves varies with the breed as well as nutrition 
and other causes; foetal development will no doubt vary in the samg 
way. The weights of cow embryos given by Rérik(73) of ages similar 
to ours are shown in Table X XVI (c), but the variation is so wide that 
we are inclined to believe that he was mistaken in the age of some of 
the cases, in particular those at 2 and 6 months. 

Buchem 74) gives the weight of a number of cow embryos in different 
weeks and months of development and the variation in weight at any 
one age is considerable, the coefficient of variability being about 0-4 
during the first two months and afterwards in the region of 0-1; the 
averages for his foetuses at ages corresponding to our own are given in 
Table XXVI (c). Bergmann(257) also found considerable variation at 

9-2 


Grs.Weight 
16/60 


16000 
15000 
14000 
13000F 
12000 
11000 
10000 

9000 


8000 


7000 phe a Foetal 
af t fluids 


6000 


5000 Uterus 


Foetal 
Me membranes 


Foeta —F wo 
TEM DPOMES beeen isis 
Foetus 


| 2 
Months of Pregnancy 


Diagram III. Composition of uterus and contents during pregnancy. 
Actual weights—in grammes. 
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any one age in the weight of calf foetuses of the spotted Niederungs 
breed, and he gives the age of the foetus to the day; the weights of his 
foetuses which correspond to ours in age are shown in Table X XVI (c) 
and the variation in weight of three foetuses—470 gm., 650 gm. and 
1270 gm.—each 122 days old is remarkable. HEwart(246) found in the 
mare a considerable variation in development during the 3rd week of 
pregnancy from embryos previously described by Martin and also Bonnet 
at the same age, and since the mare remains on heat a long time he 
attributed it to difference in the time of service during heat. However, 
Kirkham 275) has shown that in the mouse the development of the 
embryo may be retarded by lactation of the mother; our results are 
not affected by this cause as all were from heifers pregnant for the first 
time; the variation found by Buchem and Bergmann is however open 
to this possibility. 

Meyer (276) found in women that there was a great difference in length 
and weight even in twins and Hammond (277) found this to be the case 
in the embryos in litters of pigs and rabbits, so that differences in weight 
and length of the foetus at any age are probably due to inherited 
characters and nutritional causes in most cases and not necessarily to 
variations in time of gestation as might be supposed. 

The age of a foetus can be estimated from its weight or its length 
(Table X XIX), but it has been found by most observers that there is a 
greater variation in weight than in length, and Bonnet has pointed out in 
the sheep the frequent lack of correlation between the weight and length 
growth of the foetus. We believe that length growth is the best criterion 
of age for we have found in studying the growth of the sheep (278) that 
deficient nutrition (such as may occur during foetal development) affects 
weight growth (or muscle and fat development) before it affects length 
growth (or bone development). Haigh, Moulton and Trowbridge (72) 
found in new born calves that the heavier ones showed a higher pro- 
portion of flesh and lower proportion of skeleton than the lighter calves 
of the same breed. The various factors which affect foetal growth as 
determined from birth weight have been investigated by Hammond 79) 
in the rabbit and by Eckles@71) in the cow. Hart, Steenbock and 
Humphrey 280) found that rations restricted either to the wheat or oat 
plant affected the proper development of the foetus in the cow. Eckles (281) 
concluded that a cow can produce a foetus on the same ration that will 
only maintain her when barren; if this is true the pregnant animal must 
be able to utilise her food to better advantage or the energy requirements 
of a number of oestrous cycles is equal to that metabolised by pregnancy, 
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and the latter as Eckles shows from chemical analysis of the foetus, 
placenta and foetal fluids just before parturition is small, for their 
percentage of water is large; Haigh, Moulton. and Trowbridge (272) have 
investigated the chemical composition of the cow foetus at different 
ages. Since very fat cows frequently produce undersized calves, and it 
has been shown above (p. 82) that the fat clogs the nutrition of the 
ovary and affects its internal secretions, it 1s probable that the nature 
of the food supply is a more important factor than the quantity in 
_ foetal nutrition. 

The foetal membranes increase regularly in actual weight; during 
the first three months their growth exceeds that of the foetus but after- 
wards lags behind its growth. Bergmann (257), by counting the attach- 
ments of the membranes to the cotyledons, concluded that no increase 
in the number of these took place after the 3rd month; it is probable 
that after this period (3rd month) growth of the cotyledons in size 
occurs as wel] as growth and thickening of the membranes between them, 
but no further extension of the membranes takes place towards the apex 
of the horn of the non-pregnant side. 

Bergmann also gives data as to the weight of the uterus and foetal 
membranes together during different stages of pregnancy but he did not 
separate them. His figures for animals similar in age to our own are 
shown in Table X XVI (c). While they more or less agree with ours in 
the later stage of pregnancy they are much heavier in the early stages, 
owing to the fact that he included cows in which the uterus had been 
developed by a previous pregnancy while ours were first calf heifers. 
This difference in weight may possibly explain why the offspring of first 
calf heifers is usually smaller than that of mature cows. Our results 
show that in animals ‘previously virgins the uterus itself does not begin 
to increase much in weight until after the 2nd month of pregnancy, 
but after this time it makes steady and regular increases up to at any 
rate the 8th month of pregnancy. There is nothing in the shape of the 
growth curve of the uterus itself (see Diagram III) which would suggest 
the formation of a myometrial gland at or about the 5th month such 
as Ancel and Bouin(2s2) have suggested to account for the glandular 
growth stage of the mammary gland which occurs in the second half 
of pregnancy in the rabbit. 

The foetal fluids increase very rapidly during the early stages of 
pregnancy up to the 5th month and after this time their amount remains 
nearly constant. Bergmann (257) gives weights of both the allantoic and 
amniotic fluids in the different stages of pregnancy, and his data (see 
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Table XXVI. Increase in weight and percentage composition of the 


Month (4 weeks) of pregnancy 


No. of heifer—pregnant for first time 


Uterus 

Foetal membranes 
Foetal fluids 
Foetus 


Total uterus and its contents 


(6) Percentage of total uterus and its contents. 


Uterus 

Foetal membranes 
Foetal fluids 
Foetus 


uterus and its contents during pregnancy. 


(a) Actual weights (gm.). 


1 2 3 4 5 

Pp Q* P4 P3 Pl P5 
303-0 300 650 1310 2280 
2-1 50 150 350 520 
15-0(?) 181 1053 2920 6510 
0-1 9-2 87 720 1830 
320-2 540-2 1940 5300 11140 


94-6 5d°5 33°5 24-7 20-5 
0-7 9-3 med 6-6 4-7 
4-67 33-5 54-3 55-1 58-4 
0-03 17 4-5 13-6 16-4 


22-6 

6-5 
50-2 
20-7 


(c) Actual weights (gm.) from results of other investigators. 


Buchem (274) Foetus 0-27 8-3 109 599 1712 
Bergmann (257) Foetus — 10 185 470t 2650 
650 
1270 
Uterus and foetal + 456 1190 2050t 4150 
membranes 2300 
2990 
Foetal fluids — 402 1075 1960t 7600 
3150 
3790 
Allantoic fluid — 365 410 500t 3300 
1100 
1200 
Amniotic fluid — 37 665 1460 4300 
2050 
2590 
Rorik (273) Foetus — 500 et 480 6500 
Uterus — 1000 615 1356 3600 
Foetal fluids — 1500 718 2020 — 
Foetal membranes — 81 30 144 2900 


* Uterus and contents not weighed whole. 
+ Uterine cotyledons separated from foetal membranes in fresh condition. 


{ Three separate cases at same age. 


Table X XVI (c)) at similar ages to our own show that there is some 
but not much increase in the amount of fiuids after the 5th month, the 
increase if any taking place in the allantoic fluid while the amniotic 
fluid shows a decrease after this time. Whether the cessation of the 
increase in foetal fluids at the 5th month of pregnancy is connected in 
any way with the definite changes which occur in the udder at this time 
(see p. 168) it is not possible to say without experimental evidence; but 


5056 
6300 


8450 


3450 


4200 


4250 


325 
1830 
1675 

170 


9100 


5000 
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it is just possible that the foetal fluids may require ovarian secretion 
for their production and that after the 5th month this becomes available 
for the mammary gland, or an actual absorption of foetal fluids into the 
maternal circulation might supply a cause. 

Bergmann (257) found that in cows with twin pregnancies (at the 
2nd and 5th month) the weight of the foetal fluids was very much above 
normal, the difference in the fluids being much more marked than in 
the case of the other parts of the pregnant uterus. The amount of the 
foetal fluids is said to be greatly increased in cows served by a Bison 
bull (Boyd 283)) and frequently leads to abortion; whether the secretion 
is a result of the increased vigour of the cross or is due to pathological 
development is not known, but there is no similar trouble in the second 
and third crosses. Crew (284) has pointed out that hydramnios also occurs 
about the 3rd—4th month of pregnancy in association with the formation 
of bulldog calves in the Dexter breed of cattle. 

Bergmann (257) found no changes in the length of the Fallopian tubes 
during pregnancy. 

It will be seen from the above account that the actual increase in 
size of the pregnant uterus and its contents is due in the early stages 
of pregnancy mainly to the growth of the foetal membranes and fluids 
and in the later stages of gestation to the growth of the foetus and to 
a lesser extent of the uterus itself. It is remarkable that there is very 
little increase in actual weight of the foetal fluids after the 5th month. 

(2) The relative development of the parts or proportion which each 
bears to the total weight of the pregnant uterus and its contents is shown 
in Table XX VI (6) and in Diagram IV. This diagram shows clearly the 
relation of the different parts and how they change during the course 
of pregnancy. The principle of the chemical law of mass action applies 
to this relationship; the development of the foetus in the latter part 
of pregnancy is seen to be outstripping the provision of the nutritional 
parts—the uterus and foetal membranes (a fact which has been em- 
phasised by Rorik(273)). This factor may be concerned in the cause of 
parturition. 

Diagram IV also presents a picture of the physical conditions which 
exist at the different periods of pregnancy. The development of the 
foetal fluids in the early stages expands the uterine cavity in preparation 
for the developing foetus which in turn develops at the expense (in 
weight) of the foetal fluids rather than by much further enlargement of 
the uterus itself. The large amount of foetal fluids present in the early 
stages of pregnancy in cases of twins (see Bergmann (257)) 1s provision 
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for the future accommodation of the foetuses. Whether the variability 
in weight of the foetus and foetal fluids at any particular age is the 
result of this relationship must be left for future investigation to decide. 
It would appear that in the bulldog calves of the Dexter breed a dwarfing 
of the foetus results in a hypersecretion of foetal fluids or vice versa. 
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Months of Pregnancy 
Diagram IV. Composition of uterus and contents during pregnancy 
as percentage of whole. 


The relation of the time at which the proportion of the foetus itself 
exceeds that of the foetal fluids (7 months) is significant in that it is 
usually about this time that abortion most frequently occurs in cases 
of infection with Bacillus abortus. Whether or no infection before this 
time (about the 7th month) causes foetal absorption (as happens in the 
first half of pregnancy in rabbits when the ovaries have been removed) 
is not known, but the prevalence of sterility in infected herds, with cows 
going some months without showing signs of heat and then coming on 
heat again (see Williams (285)), would suggest that this is so. Whether 
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the proportion between foetus and foetal fluids changes in rabbits (and 
the percentage of the former exceeds that of the latter) at a time when 
the removal of the ovaries leads to abortion instead of absorption in situ 
is also unknown, but it appears probable. Williams(2s86) states that 
when abortion does occur before the foetus is about 30 cm. long it is 
expelled enclosed in the foetal membranes but after this period it is 
born naked and the membranes expelled as an afterbirth. 

How the relationship of the various parts of the pregnant uterus 
and its contents varies in other species is not known in any detail nor 
has the effect of these proportions on the cause of parturition or abortion 
been investigated, and it would appear to afford a profitable line for 
future investigation. 


(2) The Uterus. 


The increase in the size of the uterus itself during pregnancy is 
probably due to three main causes: (a) the influence of the persisting 
corpus luteum in raising uterine nutrition, (b) the irritation caused by 
the presence of the foetal membranes which can be seen in the propor- 
tionally large increase in the size of the cotyledons when the membranes 
come into direct contact with the uterus, and (c) the pressure exerted 
by the foetal fluids at first and afterwards by the foetus itself in 
expanding the cavity of the uterus. 

The muscular coat. The increase in the muscular coats of the uterus 
during pregnancy is brought about mainly by an increase in the size 
of the muscular fibres. As will be seen from Table XX VII, in the longi- 
tudinal muscular coat the average number of muscle nulcei in a micro- 
scopic square 1s 22 in virgin heifers of 24 years old and is reduced to 11 
in the early stages of pregnancy (2nd—3rd months) and to 4 in the later 
stages of pregnancy (7th-8th months). That is, the cytoplasm of the 
plain muscle fibre has increased considerably, showing that the enlarge- 
ment of the muscle itself is due to increase in the size of the muscle 
fibres rather than to any great increase in their number. Evidence as 
to the formation of new muscle fibres is difficult to obtain but in micro- 
scopic sections it is not so evident as increase in the size of the fibre; 
the latter can be observed easily and the cytoplasmic increase is so 
marked that towards the end of pregnancy it appears to be clear and 
vacuolated by the usual methods of staining (Fe Haem. and Kosin). 

Wall 06) found that the muscular coat of the pregnant uterus is 
not rich in nuclei but that the virgin uterine muscle is; he states that 
the involuted uterine muscle contains even more nuclei than the virgin. 
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Rab 287) states that the greatest muscular hypertrophy occurs in 
the 5th-6th months. Schmaltz(1) quotes several investigations which 
have shown that the muscle fibre increases in length during pregnancy 
even more than it increases in thickness, from 115 before pregnancy 
to 700-850, after the 20th week of gestation. Although the muscle 
fibres of the uterus hypertrophy in pregnancy the thickness of the wall 
of the uterus decreases owing to the extension which occurs. Zieger (110) 
has shown by measurements that this is so and that the thickness of 
the pregnant side in which the extension is greatest decreases more 
(8 mm. in virgin to 15mm. at 8th month of pregnancy) than that of 
the non-pregnant side (8 mm. to 3 mm. at 8th month). 


Table XX VII. Average number of nuclei in a given area in cross-sections 
of the longitudinal muscular coat of the uterus in different reproductive 


states. 
Number of muscle nuclei 
No. of | in a micrometer square 
Reproductive state heifer (av. of 10 squares) Average 

Oestrous cycle 48 hrs. after heat C4 19-1 
72 z C6 29-9 {222 

8 days after heat C2 17-5 
Pregnancy Early 2 months P4 14-4 ene 
oe ee P3 8-4 \ 
Late ae “P'6 4-7 3.9 

8» P9 3-1 


Rab 287) found that during pregnancy the longitudinal muscular coat 
increased in thickness mainly in two bands one along the large curvature 
and one along the small curvature and that this thickness was most 
marked at the 5th-6th month and after; Zieger(110) has confirmed his 
observations. We however have carefully examined the fixed muscle at 
all stages of pregnancy but could find no differences in thickness of the 
muscle in any special area of the uterus. 

Not only is there a change in the muscle of the muscular coats of the 
uterus during pregnancy but an alteration in the character of the con- 
nective tissue binding also occurs. The connective tissue cells become 
enlarged and swollen in a similar way to those of the mucosa, which give 
rise to decidual cells, but to a less extent. This is of interest in connection 
with the myometrial gland described by Ancel and Bouin(ss) in the 
rabbit, since they associated the occurrence of this gland with the phase 
of secretory activity of the mammary glands such as begins in heifers 
at about the 5th month of pregnancy. The appearance of the connective 
tissue in the vascular area between the longitudinal and circular muscle 
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coats where this gland is supposed to occur has therefore been carefully 
examined at different stages of pregnancy. No trace of the myometrial 
gland has been found but the connective tissue cells become enlarged 
and vacuolated and in the mucosa hyaline deposits occur in and between 
these cells in the early stages of pregnancy as a result probably of raised 
nutritional conditions existing. 

Fraenkel (289) also failed to find the myometrial gland in the cow 
and other animals although he describes it in the rabbit. Hammond (256) 
occasionally observed it in the rabbit’s uterus, but its occurrence is too 
irregular and uncertain for it to have the important functions which 
the discoverers attributed to it. 

The vascular layer between the circular and longitudinal muscular 
coats which is rich in connective tissue cells increases greatly during 
pregnancy and is much more marked in the uteri of cows which have 
borne calves than in animals which have never become pregnant. This 
is due to the fact that the connective tissue and vascular growth which 
takes place in pregnancy is never completely reabsorbed afterwards. 

The actual size of the arteries in the vascular zone in the different 
stages of pregnancy in the cow have been determined by Hilty (205). 
He found that while the maximum size of the arteries in the vascular 
zone at the 6th week of pregnancy was, lumen 80, and walls 130 4u—by 
the 15th week it had increased to 360 and 460 py respectively, and in the 
26th week was 620pu and 380, respectively. Post-partum the arteries 
become smaller but mainly in the lumen, for the walls are thickened by 
connective tissue growths; at 29 days post-partum the lumen measured 
112 and the walls 256. These changes are similar to those which 
occur in the blood vessels of the cotyledons (see p. 92). 

The changes in structure between the virgin and pregnant uterus 
are described by Bruyn-Ouboter (290) in cats, dogs and rabbits as con- 
sisting of a thickening and broadening of all layers of the uterus but 
particularly of increase of blood vessels and broadening of the stratum 
vasculosum. 

The intercotyledonary area. The area situated between the cotyledons is 
also considerably modified by pregnancy. Beginning atthe 2nd—3rd month 
the whole intercotyledonary area is thrown up into a number of folds 
or wrinkles in hardened specimens and these increase in size as preg- 
nancy advances. Reference to the histological description above (p. 87) 
will show that this area is occupied chiefly by glands and these during 
pregnancy secrete the uterine milk which nourishes the foetus both 
before and after its attachment to the uterus. The secretion—uterine 
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milk—has been analysed by Gamgee (291) who found it contained 10-5 
per cent. protein, 1-25 per cent. fat as well as salts. Kolster 07) by 
histological methods identified fat in the secretion from the uterine 
glands in the cow. There is difference of opinion as to the origin of 
uterine milk, for whereas Haller and others say that it originates in the 
uterine glands, Turner, Ercolani and others(292) state that it can be 
squeezed out of the crypts of the cotyledons as a pinkish white fluid. 
The cotyledonary crypts (see p. 148) have no maternal epithelium and 
are not secretory in the true sense of the word; this area too is quite 
free from the openings of any uterine glands. A secretion however can 
be obtained by squeezing a cotyledon which has been separated from 
the foetal membranes. This fluid 1s lymph—much the same as chyle— 
with numerous leucocytes and nutritive substances and a fair number 
of red blood corpuscles which exude from the surface of the cotyledon 
wounded by the ingrowing foetal tissues. It also probably contains cells 
of the foetal trophoblast which are detached when the foetal membranes 
are pulled out. This fluid is not formed by the cotyledons before attach- 
ment takes place as the crypts do not exist as formed elements before 
the ingrowth of the foetal tissues. Kolster(293) has shown that in the 
pregnant mare the uterine mucosa is very rich in lymphatic vessels and 
also that in the cow (207) the lymphatics develop greatly in the mucosa 
of the pregnant uterus; he found globules of fat in the superficial layers 
of the maternal projections of the cotyledons as well as in the uterine 
glands. 

Wall (206) describes the walls of the crypts in the cow as consisting 
of fine connective tissue with fibroblasts and emigrating scattered 
lymphocytes and polymorphonuclear leucocytes. The uterine glands 
which open only on the intercotyledonary area also produce a secretion in 
both early and late stages of pregnancy; this secretion, which contains 
protein fat and leucocytes, is necessary for the nutrition of the blastocyst 
before the cotyledonary attachments are formed as well as supplementing 
their function afterwards. Schauder (294) has recently published a review 
of the literature of the morphology of uterine nutrition in the domestic 
animals. 

The appearance of the uterine glands varies considerably during 
pregnancy. At the end of the first month the glands lying next the 
surface have a fairly large lumen as compared with that which occurs 
during the cycle (p. 89), but the deeper parts of the glands next the 
muscular coat are still small (Plate XIII, 4). 

At the 2nd month the glands have increased in size and their 
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lumen is larger but the deeper glands are still small; detritus masses 
can be seen in the lumen of the glands near the surface. At 3 months 
all the glands both superficial and deep show a large lumen and signs 
of marked lateral pressure may now be observed, for they are no longer 
circular in outline but their long axis lies parallel to the surface of the 
uterus. They have a large lumen which contains detritus—the products 
of their secretion; the epithelium is cubical and regular and gives the 
appearance of true secretion occurring rather than cell disintegration. 

At the 4th month very similar conditions were observed but the 
glands did not appear quite so compressed as in the last (Plate XIII, 5). 

If Plate XIII, 5 at the 4th month be compared with Plate XIII, 4 at 
the 1st month of pregnancy it will be seen that the number of glands passed 
through from muscle to epithelium is much less in the former than in 
the latter; this is to be explained by the increase in area of the uterine 
surface and the extension of its coat and not by diminution in the extent 
of the glands which remains the same as heretofore. This process of 
thinning of the glands by extension of the uterine coat goes on during 
the 5th and 6th month so that only one or two glands appear in the 
line between muscle and epithelium, this distance being much less than 
at 1 month. Nevertheless the glands that exist have increased greatly 
in diameter and have very large lumina which contain the products of 
secretion. 

In the 7th and 8th months the glands are enormous in size and with 
very large lumina; the pressure exerted on them by the foetal fluids 
has caused them to be compressed and it is their long axis, which lies 
parallel to the uterine surface, which is increased most (Plate XIII, 6); 
they are filled with the products of secretion. In the 8th month of 
pregnancy the openings of the glands are so Jarge that they can be 
observed by the naked eye as little pits on the surface of the mucosa. 

The relative sizes of the glands at the different stages of pregnancy 
are shown in Table XXVIII (a). Kolster(207) has commented on the 
difference in size of the lumen of the superficial and deep glands in the 
5th month of pregnancy in the cow. Hilty (205), who made measurement 
of the glands during pregnancy in the cow, also found increase in size 
both of the lumen and epithelium, but his figures (Table XXVIII (6)) 
do not show much increase in size aiter the 3rd month and on this point 
we disagree with him; his figures also show that there is a marked 
distinction between deep and superficial glands during the latter part of 
pregnancy but in our experience there are at this time only about two 
layers of glands of about the same size. Hilty showed also that after 
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Table XXVIII. Relative sizes of uterine glands in different 
stages of pregnancy. 


(a) Diameter of cross-section (micrometer squares). 


Parallel to At right angles 


Month of No. of uterine to uterine Average 
pregnancy heifer surface surface diameter 
il P2 1 I 1 
2 P4 5 5 5 
3 P3 1 7 4. 

4 Ean 24 53 4. 
5s POD a 5 4 
6 er, 4h 10 a 
7 P6 54 18 12 
8 P9 4 46 25 


(6) Diameter in p. (From Hulty (205).) 


Lumen Epithelium 
Surface Deep Surface Deep 
Reproductive state glands glands glands glands 
Non-pregnant heifer 

17 months old 22 8 12 2 
Pregnant 6 weeks 40 6 16 8 
Oe ee 80 32 36 16 
Teas 160 56 28 20 
tO Fs, 160 44 28 16 
| 160 46 24 14 
Dan! ie . © 160 40 22 16 
Post partum 3 days 144. 50 20 16 
ES. ss 80 44 10 9 
Ze es, 45 14 16 15 


parturition the glands involuted again quickly. Wall(206) found that 
the average diameter of the uterine gland tubules in heifers was 17; 
during pregnancy (7-9 months) it rose to 150; 3 days post-partum it 
was 50 and in the involuted uterus 17. It will be seen that large 
size of the uterine glands is associated with the presence of a corpus 
luteum in the ovary and that while it is present they remain large and 
when it atrophies they become small again. 

The conclusion arrived at from a study of the uterine glands during 
pregnancy is that they do not increase much in length or number but 
increase enormously in diameter and activity, the lumen becoming large 
and the epithelium active; it would appear that secretion from them 
takes place in increasing quantities with the progress of pregnancy and 
that secretion is not caused by breakdown of the cells but by secretion 
proper. 

We have observed doubled-in folds of the epithelial cells in the 
glands (see Plate XIII, 6) similar to those described by Kolster (207) in 
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the mare and cow but do not agree with him that they are formed for 
secretory purposes, but rather that they are caused by pressure of the 
uterine contents doubling the winding glands upon themselves and 
leading to squashing of the epithelial cells at the corners of the folds. 
Wrinkles of epithelium form in the gland tubes also as a result of collapse 
of the tissue after the pressure is removed and it is fixed. In the cow 
Kolster found that these invaginates were more frequent in the deep 
parts of the glands than near the surface and this we believe is due to 
the fact that the surface part runs more vertically and is less convoluted 
than the deeper part. 

The connective tissue in the deeper parts of the mucosa surrounding 
the glands contains masses of hyaline matter in the lst month of preg- 
nancy, in very much the same way as it exists at the latter end of the 
cycle (see p. 89); the connective tissue cells also appear to be swollen 
(Plate XIII, 4). 

A little of this hyaline matter is still to be seen at the 2nd month 
of pregnancy but afterwards it disappears, probably being utilised in 
growth or by the foetal tissues. Jenkinson 295) states that he has found 
glycogen both in the uterine and glandular epithelium of the pregnant 
cow and in the sub-epithelial connective tissue of the sheep’s uterus, 
but we believe that the substance seen in heifers is not glycogen but 
rather material similar to the Whartonian jelly of embryonic connective 
tissue. With advancing pregnancy the connective tissue in this area 
becomes looser and looser so that in the later stages of pregnancy in 
fixed material the outer part of the mucosa (sub-epithelial layer) can be 
easily stripped away from the muscle. This loose character of the con- 
nective tissue in pregnancy Kolster(207) believes is due to the formation 
of large and numerous lymphatics; he however describes these as being 
rather less frequent in the later stages of pregnancy. The formation of 
large lymphatic vessels is however not the only cause, for stretching 
of the uterine surface tends no doubt to thin out the tissue unless special 
growth occurs and while this special growth does occur in the sub- 
epithelial layer and in the muscle much less takes place in the glandular 
layer. 

It has previously been noted (see p. 87) that in the uteri of virgin 
heifers there is a thin layer of dense sub-epithelial connective tissue (see 
Plate XIII, 1 to 3) similar to that of which the cotyledons are composed. 
At the end of the Ist month of pregnancy this layer is very similar to 
that of the virgin condition and contains free red blood corpuscles and 
distended capillaries (Plate XIII, 4). 
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As pregnancy goes on this layer increases in thickness in a similar 
but to much less degree than that of the cotyledons and forms a thick- 
ened gland-free (except where the mouths of the glands penetrate it) 
dense connective tissue mass in which blood capillaries are numerous 
(see Plate XIII, 5 at 4 months and Plate XIII, 6 at 7 months). It is 
from this layer that adventitious cotyledons are formed (see p. 155) and 
as a rule it is thicker in those parts of the surface that are pressed closely 
against the foetal membranes, 2.e. the upper parts of the wrinkles on 
the uterine surface. Kolster(207) has figured the increase in thickness of 
this layer during pregnancy in the cow. ! 

The epithelium of the uterus in the intercotyledonary area is not 
shed during the oestrous cycle and it persists whole throughout pregnancy 
except in places where the foetal membranes come into close contact 
with it, when it degenerates and is eroded (see Plate XXIV, 3-and 4, 
formation of adventitious cotyledons). 

The active destruction of the epithelium by the foetal membranes 
at any time during pregnancy makes it appear unnecessary that shedding 
of the uterine epithelium should occur during the cycle in order that 
the foetal membranes may become attached to the uterus. The appear- 
ance of the uterus at the end of the Ist month of pregnancy throws light 
on the changes occurring during the oestrous cycle, as to whether the 
occurrence of uterine congestion and bleeding just after heat is (1) a pre- 
paration for the attachment of the egg shed at that time or whether 
(2) it is a result of uterine growth initiated by the corpus luteum of the 
previous ovulation and terminated by failure of the egg shed at this 
time to develop. 

We believe the latter explanation to be the correct one. We have 
not examined, however, the uterus at the time of the first heat after 
puberty. Kolster(207) has pointed out that the changes occurring in the 
uterus during heat are similar to those that are necessary for the de- 
velopment of the foetus, but he did not realise that these conditions 
disappear again directly after heat and only reappear at a time when 
the fixation of the foetal membranes is imminent; he examined no very 
early stages of pregnancy in the cow. Corner (107) found in the sow that 
in the cycle the time of commencing involution of the corpus luteum 
(15th-19th day) normally begins a few days after the period at which 
the foetal membranes become attached to the uterus in pregnant animals 
(10-15 days). Much the same time relation occurs in heifers; the foetal 
membranes of one killed at the end of the Ist month of pregnancy had 
not yet become attached by projections to the cotyledons. In the closely 
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related sheep Assheton (258) from detailed observations found that the 
blastocyst does not begin to be attached to the uterus until the 17th- 
18th day after coitus, whereas the next pro-oestrous period would be due 
about 15 days after; he found that in the very early stages of pregnancy 
(4th—5th day) the uterus is in the resting stage described by Marshall (4). 
Thus the changes that occur at oestrus cannot be a preparation for the 
attachment of the foetal membranes but are rather a result of the 
previous egg not becoming fertilised and embedded. The menstrual 
flow and changes in the uterine mucosa of the cow, ewe and sow can 
have no influence on the fixation of the foetal membranes owing to the 
time which elapses before fixation occurs. It has been shown that the 
foetal membranes are capable of removing the uterine epithelium during 
all stages of pregnancy and there is no necessity to invoke the floating 
off of pieces of this during the heat period as essential for the attach- 
ment which takes place about three weeks afterwards. It may be possible 
however that the degeneration of the uterine mucosa forms a pabulum 
for the ovum before attachment. The ample sub-epithelial supply of 
blood vessels is necessary to supply the needs of the foetal membranes 
when attachment occurs (see Plates XIII, 4 and XXII, 1), and on 
failure to attach, due to death or non-fertilisation of the ovum, this 
supply breaks down and forms the next menstrual flow which occurs in 
heifers some two days after the next heat. 

Table XII shows that heifers which are served by a fertile bull and 
which become pregnant bleed as usual two days after the heat period 
in which fertile service occurred; at the time when the next heat period 
would have occurred if the animal had not been pregnant, however, no 
blood flow occurred for such uterine flow as may be formed is absorbed 
by the foetus. This is not all, however, for during the cycle in the cow 
much vaginal bleeding occurs and the foetal membranes can play no 
part in absorbing this, so that it can be said that the ultimate cause of 
the bleeding in the cycle is not merely due to the hypertrophy of the 
blood vessels in preparation for the fixation of the egg which is caused 
by the development of the corpus luteum, but is due to atrophy of the 
corpus luteum which causes degenerative changes in the previously well 
nourished and vascular mucosa. Oliver(296) has pointed out that in 
women pregnancy is dated from the first menstrual period missed and 
that this corresponds approximately with the attachment of the egg in 
whichever period of the cycle insemination occurs. In extra-uterine 
pregnancy menstruation occurs at full term although the foetus is dead 
in the abdominal cavity. 
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Another explanation of the blood flow in the cow is that the usual 
pro-oestrous changes have been delayed until after oestrus and ovulation 
in view of the lateness of attachment in order to nourish the ovum at a 
very critical stage. If this is postulated it is difficult to relate “the pro- 
oestrous changes” as due to the ripening of the follicle for in the cow 
bleeding only occurs after the follicle has ruptured, although admittedly 
the changes begin before the egg is shed. 

The Cotyledons. In the non-pregnant animal these are arranged in 
longitudinal rows and are small and button like; they increase enor- 
mously in size during pregnancy and frequently reach the size of an 
orange or rather potato, for they become elliptical in shape. Hilty (205) 
has given measurements to show the size (maximum) of the cotyledons 
at different stages of pregnancy and figures taken from his paper are 
shown on p. 53. They indicate that the size of the cotyledon increases 
regularly throughout pregnancy but that the increase in the latter part 
consists more of length and height increase than of breadth increase and 
at this stage the cotyledon is elliptical and not round. The involution 
of the cotyledon after parturition is described on p. 92. The stimulus 
for their growth seems to originate mainly in the contact with the foetal 
membranes, for in heifers killed during the 2nd and 3rd months of 
pregnancy, when the membranes have not yet become completely 
attached, the cotyledons in the non-pregnant horn do not appear to 
develop until pressure is exerted on them by the turgid membranes. Their 
size 1s greatest in those parts—near the middle of the foetal sacs—which 
first come into contact with the membranes in this way and become 
smaller as the ends of the blastocyst are approached. In the heifer 
8 months pregnant the number of the cotyledons attached to the foetal 
membranes was counted and found to be 63 in the pregnant horn and 
41 in the non-pregnant horn; in another cow far advanced in pregnancy 
there were 53 in the pregnant horn and only 23 in the non-pregnant 
horn. Bergmann (257) found that not only did the weight of the cotyledons 
increase during pregnancy but that those of the non-pregnant horn were 
always smaller than those of the pregnant side, as the following averages 
from his results show: 


Average weight of Cotyledons (gm.). 


Month of pregnancy 
ee a ee 


Ge ee ee ee ee a. SDP lie CL te 
2 3 4 5 6 ou 8 9 10 


Pregnant horn 02 46 17:3 344 39-7 109:°0 1454 212:0 255-0 
Non-pregnant horn — 0-7 2°5 5-4 16-7 34:7 57-5 66-0 41-0 
| 10-2 
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At the end of the first month of pregnancy the foetal membranes have 
not yet become attached to the cotyledons and the blastocyst is held 
in place by the accumulation of fluid in the central portion (Plate X XV, 1) 
causing fixation, as Assheton describes in the sheep, in much the same 
way as the inner tube of a pneumatic tyre is held in the cover. Attach- 
ment to the cotyledons by projections from the foetal membranes occurs 
before the end of the 2nd month (Plate X XV, 2). 

In the literature (see pp. 87 and 141) the crypts of the cotyledons 
are often referred to as though they were formed structures rather than 
cavities eroded by projections of the foetal membranes round which the 
connective tissue of the cotyledon has grown. Wall (206), who believes 
that the crypts are formed structures, remarks with surprise that there 
is a branch of the chorion for every crypt. There is not room beneath 
the surface of the non-pregnant cotyledon for the development which 
occurs in pregnancy and the crypts are formed by upgrowths of the 
connective tissue round the foetal villi. Craig(17) states that uterine 
glands open on to the surface of the cotyledons, but this is erroneous. 
The formation of uterine milk by the crypts of the cotyledons has been 
referred to above (p. 141). The separation of the foetal from the maternal 
parts of the cotyledons has been figured by Williams (84) (his figure 78). 
The foetal part is usually red in colour owing to its large vascular supply 
while the maternal portion is whitish due to the large amount of con- 
nective tissue which it contains. 

The histological changes which occur in the cotyledon during the 
course of pregnancy may now be described. Reference to the description 
of the virgin condition (p. 87) will show that the cotyledon is covered 
by a layer of epithelium and is gland-free; no formed elements or crypts 
appear in it but it consists of an interlacing mass of dense connective 
tissue and blood vessels. The degree of attachment reached between 
the 2nd and 4th months of pregnancy will vary materially according to 
the position of the cotyledon, whether in the centre of the foetal mem- 
branes or at the end of the blastocyst; we have however attempted to 
show how the attachment takes place by giving average stages at each 
age rather than by describing the various stages existing in one animal. 

At the end of the first month of pregnancy the foetal membranes lie 
over the surface of the cotyledons but no projections are seen inter- 
locking the two (Plate XXII, 1). Where the foetal membranes come into 
direct contact with the tops of the cotyledons the epithelium is completely 
denuded, and at the bases of the cotyledons transitional stages from 
the normal epithelium of the intercotyledonary area through various 


PLATE XXII 


3. Cotyledon (right side): pregnant 4. Uterine secretions between foetal 
2 months. membranes and mucosa: pregnant 
4 months. 
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degenerative stages to complete removal can be traced. The stroma of 
the cotyledon is thickened and dense and contains numerous blood 
capillaries; extravasated red blood corpuscles can be seen at the tops 
of the cotyledons next the foetal membranes where no doubt the foetal 
tissues are beginning to break down and feed upon the maternal. 

In the 2nd month the foetal membranes have become fairly firmly 
attached to the cotyledons by finger-like down-growths which eat their 
way into the tissues of the cotyledon. The maternal cotyledon responds to 
this stimulus by growth of the connective tissue and interlocking lamellae 
are formed (Plate X XII, 2 and 3). It has been shown that before this 
interlocking begins the epithelium is completely denuded and now no sign 
of it remains over the cotyledon nor does it reappear in the crypts (see 
Plate X XIT, 2). At the edges of the cotyledons bordering the intercotyle- 
donary or glandular area where the foetal membranes dip down but do not 
press on the epithelium (which is here intact) large globular cells occur 
in the foetal tissues just as they do in the crypts and the evidence is all 
in favour of those cells being of foetal and not maternal origin as 
Kolster (207) supposes. The larger of the finger-like projections of the 
foetal membranes contain a central core of mesoblast which is rich in 
blood vessels and the outer epiblastic layers or trophoblast consists of 
large cells which here and there have become very swollen and globular. 
The maternal projections consist of connective tissue only with 
numerous blood capillaries. At this stage masses of uterine secretion 
(uterine milk) can be seen between the foetal membranes and the 
uterine wall in the intercotyledonary area. 

At 3 months a larger and more complete system of branching in 
both the maternal and foetal projections occurs, which increases as 
pregnancy advances; the relation of the parts and appearance however 
is essentially the same as that described above. Occasional binuclear 
cells could be seen in the foetal epiblast. 

At the 4th month brownish pigment granules were marked in the 
foetal membranes just below the epiblast; this pigment is apparently 
formed from the maternal blood which is set free by the erosion of the 
maternal tissues and is absorbed by the foetal epiblast. 

At the 5th month the collection of maternal red blood corpuscles 
and other detritus (uterine milk) was very marked between the saccu- 
lated parts of the foetal membranes at the top of the cotyledon and the 
apical ends of the maternal projections. We agree with both Leder- 
mann’s (297) and Kolster’s(207) description that no lacunae of blood are 
to be seen surrounding the younger parts of the foetal projections which 
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lie deep down in the maternal tissues, but any maternal blood which is 
allowed to escape as a result of their erosion appears to collect in the 
above-mentioned sacculated parts of the foetal membranes on the outer 
edge of the cotyledon (Plate X XIII, 1); this extravasated blood is there 
absorbed giving rise to the pigment granules in the course of its destruction. 
Little if any pigment is to be found in the younger and more deeply 
situated parts of the foetal projections but patches of these granules 
were numerous in the foetal epiblast on the outer edges of the cotyledons. 

At 6 months practically all stages of the absorption of uterine milk and 
red blood corpuscles could be observed and Plate XXIII, 2 shows (under 
high power) masses of blood and detritus collected between the saccu- 
lated portion of the foetal membranes on the outer edge of the cotyledon 
and the ends of the maternal projections. Whole blood corpuscles, 
broken down corpuscles, amorphous masses of brown pigment and 
smaller darker pigment granules could be observed in the large cells of 
the foetal epiblast. By this time the foetal projections have become 
enormously increased in size and at the outer edge of the cotyledon have 
a very thick core of foetal mesoblast in which blood vessels and capillaries 
are large and numerous. The maternal area at the base of the cotyledon 
between it and the muscular layer of the uterus contains numerous large 
blood vessels which branch and supply the maternal projections with 
a plentiful blood supply. 

At 7 months the appearance of the tissues is much as before; 
patches of pigment were also seen in the foetal mesoblast as well as 
in the epiblast. Blood vessels were increasingly numerous in the foetal 
projections. 

At 8 months the blood supply of the foetal projections was still 
further increased and at this stage the appearance was essentially similar 
to that described above, but with even more blood in the sacculated 
foetal membranes on the outer edge of the cotyledons and more pigment 
in both foetal epiblast and mesoblast. 

It has been shown above (p. 88) that during the cycle pigment is 
formed in the uterine tissues from extravasated red blood corpuscles; 
during pregnancy however the extravasated maternal blood is absorbed 
by the foetal tissues and the pigment is found almost entirely in this 
position and not in the maternal parts. Kolster(207) has pointed out 
that in this way iron is obtained for the nutrition of the foetus and 
Jenkinson (29) has shown that the red blood corpuscles are absorbed by 
phagocytic action of the trophoblastic cells and are broken down to an 
iron-containing substance which is transported and a pigment mass 
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which is deposited in the cell; by absorption. spectra he found a new 
haemoglobin derivative—haematophaein—in the foetal placenta. 

Kolster (207) has described the large rounded cells in the foetal epiblast 
(see Plate XXIV, 2) as large wandering leucocytes from the maternal 
tissue but their frequent binuclear state inclines us to believe that they 
are cells of the semi-plasmodal foetal epiblast which have become differ- 
entiated and filled with a clear mucin-like substance in much the same 
way as the epithelial cells in the pustules of the amniotic sac (see p. 162). 
Jenkinson (295), who also figures these cells, does not agree with Kolster 
as to their origin. Assheton (258) says that in the sheep and the cow 
they are undoubtedly of foetal origin and in this we agree, for inter- 
mediate stages can be observed between them and the normal type of 
foetal epiblast cell and they are found in the foetal membranes over 
the intercotyledonary area where it is not applied to the maternal tissues. 
Jenkinson also describes cells like goblet cells in the trophoblast but was 
unable to stain them with mucicarmin. 

We conclude that the placenta in the cotyledon is formed by the 
projections of the foetal epiblast eating their way by phagocytic action 
into the maternal connective tissue of the cotyledon; the latter responds 
by increased growth and an interlocking system of lamellae is formed. 
The tip of the foetal projection is the growing part and this lies buried 
deep in the maternal cotyledon and by its phagocytic action eats into 
the maternal connective tissue and causes breakdown of maternal 
capillaries; the blood which is set free together with the highly nutrient 
lymph (uterine milk) oozes its way to the outer part of the cotyledons 
where it collects in the sacculated foetal membranes and is absorbed by 
the foetal epiblast, pigment formation occurring in the process. The 
difference in the nature of the foetal epiblast in the two different parts 
of the cotyledon—superficial and deep—is well illustrated by Plate 
XXIV, 1 and 2 respectively. 

Pomayer (298) states that the ends of the foetal projections are 
situated in maternal lacunae, but the figures which he gives to support 
this statement show no blood or débris in this space and we conclude 
that the cavity is caused by shrinkage of the foetal tissues in the pre- 
paration of the slide. The accumulation of blood in the spaces between 
the bases of the foetal villi and apices of the maternal villi is figured by 
Fraenkel (299) in the cow; he states that the uterine epithelium has either 
quite disappeared or is in a stage of degeneration. Jenkinson (29%) is of 
the opinion that the maternal crypts both in the adventitious and in 
the regular cotyledons are formed by growth and budding of the uterine 
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epithelium before projections appear from the foetal membranes. In 
criticism of his conclusions we can say that we have observed in the 
oestrous cycle no inclination of the epithelium covering the cotyledon 
either to bud or form downgrowths which would be likely to happen in 
preparation for fixation if his theory were correct; on the contrary, the 
epithelium is frequently cast off by the accumulation of sub-epithelial 
blood such as Assheton (258) has described in the sheep. Jenkinson does 
not appear to have examined the cotyledons in the early stages of preg- 
nancy; on his theory the crypt is a downgrowth from the maternal 
epithelium into the sub-epithelial layer and not as we suppose an upgrowth 
of the connective tissue of the latter area. In the cotyledon before 
pregnancy there is not room below the surface for all the development 
which goes on after pregnancy begins and the tissues of-the maternal 
parts of the cotyledons develop by growing up into the cavity of the 
uterus and not by downgrowths from it. It is unlikely that the tropho- 
blastic cells, which he himself admits are phagocytic, would fail to absorb 
the delicate cells of the uterine epithelium and this has been shown to 
occur by Assheton(258) in the sheep. In this species Assheton brings 
forward many reasons why the cells lining the crypts are not uterine 
epithelial cells, although he is doubtful about their origin in the cow; 
in the latter species however he examined only one stage of pregnancy 
(about 12 weeks) and our description given above is essentially the same 
as he describes in the sheep. 

Pomayer (298) describes in the foetal epiblast of the cow’s cotyledon 
many double nucleated cells and states that the maternal projections 
are covered by a layer of flat epithelial cells; we agree with the former 
but think that the latter, which are also described by Ledermann (297), 
Jenkinson (295) and Kolster (207), are not true epithelial cells, as they believe, 
or foetal cells, as Assheton (258) thought in the sheep, but consist of con- 
nective tissue plasma or lamellar cells whose function is nutritional and 
which tend to congregate on the abraded surface. Schafer (300) states 
that lamellar cells may form an epithelial layer in a tissue or upon its 
surface. Heape(30l) found in a monkey that after denudation of the 
epithelium by menstruation there was a transference of elements of the 
stroma to the epithelium, and Schmaus (302) states that in the healing 
of wounds granulation tissue appears with many fibroblasts or con- 
nective tissue cells the largest of which resemble epithelium. In the dog 
and other similar types there is destruction of the uterine epithelium in 
the formation of the placenta and we believe that this also occurs in 
the ungulate placenta; there is no difference between the deciduate and 
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indeciduate type of placenta in this respect such as is described by 
Jenkinson (303). | | 
Sommer (115) describes a yellowish fat infiltration of the uterine 
mucosa about 3 days after calving and Wall(206) a waxy degeneration 
5-14 days post-partum. That the separation of the foetal membranes 
at birth is not caused by fatty degeneration of the cells of the cotyledons 
is shown by the fact that Ledermann (297) found fat granules both in 
the foetal epiblast and in the cells which he describes as maternal epi- 
thelium in the early stages of pregnancy. Kolster (207) has also described 
fat globules in the so-called epithelial cells of the maternal cotyledon 
during the early stages of pregnancy in the cow. It has been shown 
above (see p. 76) that the connective tissue lamellar cells play a part 
in the transference of lipoids to the Graafian follicle and corpus luteum 
and the accumulation of fat in similar cells in the cotyledon after par- 
_ turition, as found by Hilty (205), is the natural result of its non-utilisation 
by the foetus. Williams (2s6) found that there was no loosening of the 
membranes before birth but on the contrary the firmness of adhesion 
of the membranes to the uterus increases with the period of pregnancy. 
We have not investigated the causes which lead to the freeing of the 
foetal membranes after birth, but from a study of the structure of the 
cotyledon and the way in which separation can be made during preg- 
nancy conclude with Pomayer(9s) that contraction of the muscular 
coats of the uterus is an essential factor. Pressure at the base of the 
cotyledon will have the same effect in forcing out the foetal parts as 
traction on the foetal membranes themselves; the freeing is no doubt 
greatly assisted by the uterine milk or lochia from the maternal part 
which floats off the foetal tissues, and also the shrivelling of the foetal 
portion caused by the loss of blood from its tissues as a result of the 
birth of the foetus is a further aid (Assheton (258)). Sommer (115) found 
that in the cow the afterbirth comes away normally 14-8 hours post 
partum, on the average 44 hours, and Romolotti(04) found it to be 
5 hours. As Pomayer (298) has pointed out retention of the afterbirth is 
most frequent in cases of uterine inertia due to infection, debility or 
premature birth. Williams (86) states that the tendency for retained 
afterbirth increases with the duration of pregnancy before abortion so 
that lack of actual muscular development cannot be the cause in this 
case. Pressure caused by contraction of the uterus at parturition is 
without effect in detaching the cotyledons owing to the presence of the 
foetus against which the pressure is made; it is also ineffective while 
the foetal villi are distended with foetal blood. Williams 286) states that 
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when abortion occurs before the foetus is 30cm. long it is expelled 
enclosed in the membranes. Pomayer(298) concluded from histological 
examination that retention of the foetal membranes may occur as the 
result of congestion of the blood vessels which causes close interlocking 
of the tissues. Muscular contraction of the uterus would naturally reduce 
congestion and the administration of purges, which has the same effect, 
is known to assist the shedding of the afterbirth. That the degeneration 
of the foetal tissues plays a part is seen by the greater ease with which 
the membranes are separated when the uterus has been kept some time 
after the animal has been killed. Pomayer states that under patho- 
logical conditions the epithelial tissues may degenerate and the foetal 
and maternal connective tissue grow together; this is likely to occur 
in cases of infection with Bacillus abortus, although Lehmann (305) 
attributes retention under these conditions mainly to the oedema and 
swelling of the tissues that occurs as the result of infection. Wall (206), 
on the other hand, states that infection by Bacillus abortus seems 
to loosen rather than tighten the connections in the cotyledons and he 
attributes retention after abortion to secondary infections which cause 
paralysis of the muscular coats and inflammation in the cotyledons. 

The period of the oestrous cycle at which attachment of the foetal 
membranes occurs has been described above (p. 145). Since it has been 
found by Fraenkel (42) in rabbits that the fertilised egg does not become 
attached if the corpus luteum is destroyed and also that destruction of 
the corpus luteum after attachment results in the death of the foetus, it 
must be concluded that the corpus luteum produces an internal secre- 
tion which sensitises the uterine mucosa and makes it respond to the 
pressure of the foetal membranes. Loeb (47) has shown in the guinea-pig 
and Hammond (208) and Nielsen (90) in the rabbit that stimulation of the 
uterine mucosa by wounding it during a period when the internal secre- 
tions of the corpus luteum are active causes the formation of the decidual 
cells of the maternal placenta. Krainz (260), however, in the bitch found 
structural changes as the result of this operation but no formation of 
deciduomata; in this animal however the placenta is normally produced 
without the formation of large decidua and the responses to the wound 
stimulus in different species will naturally be those that normally occur 
on fixation of the membranes. 

That the placenta itself is formed by the continuous active erosion 
of the foetal membranes is shown by the fact that the experimental 
deciduomata do not go on increasing in size after the first growth nor 
does an inert foreign body give rise to more than one crop of deciduo- 
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mata (see references p. 126). Moreover the unfertilised egg, itself a 
foreign body but with no power of growth or erosion, does not stimulate 
a reaction by the uterine mucosa. Transplantation experiments with 
ovaries and other tissues have shown that the graft is much more likely 
to take when tissues from a young animal are transplanted into an old 
one than vice versa, by reason of the greater growth power of young 
tissues which tend to erode and live upon the older tissues; the same 
principle applies to foetal tissues in the uterine mucosa of the 
mother. 

Fellner (306), Schréder and Goerbig(307) claim to have stimulated 
growth of the uterus by injection of placenta into young virgin rabbits, 
but in our experience the size of the uterus in such animals is normally 
very variable owing to variations in the rate of maturity, and we do not 
consider these experiments conclusive. 

Adventitious Cotyledons. Sometimes before, but most frequently at 
and after, the 4th month of pregnancy the foetal membranes often be- 
come attached to the uterus in places other than those of the regular 
cotyledons. These adventitious cotyledons are formed in certain places 
where the foetal membranes come into close contact with the uterine 
wall; the foetal membranes in these places are only lightly attached to 
the uterine wall and the membranes can be pulled apart much easier 
than in the true cotyledons. The number of these adventitious cotyle- 
dons generally increases as pregnancy advances; they occur mainly in 
the body of the uterus. Craig(17) says they are more frequent near the 
os and Franck-Albrecht (244) figures them as frequent round the entrance 
to the cervix; in this area the pressure of the foetal membranes on the 
uterus is usually greatest, as will be seen from the contractions appearing 
in the foetal membranes (Plate XXV, 3). 

From a comparison of the number of cotyledonary attachments in 
the pregnant and non-pregnant horns of the uterus it is apparent that 
the power, not only of developing the dormant cotyledons of the uterus, 
but also of initiating the formation of new adventitious cotyledonary 
growths rests with the foetal membranes. 

Rorik (273) concluded that the formation of accessory placentae in 
the cow is due to the insufficiency of the normal cotyledonary attach- 
ments, for he found that in early pregnancy 1 gm. of foetus had a 
cotyledonary surface of 13-17 sq. cm. whereas in late pregnancy the 
surface was reduced to 7-11 sq.cm. This however cannot be the cause, 
for the non-pregnant horn of the uterus contains many true cotyledons 
which do not become functional during pregnancy, as may be seen by 
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the difference in number between the cotyledonary Sai ete ura of the 
pregnant and non-pregnant horns (see p. 147). 

In the related horse (see Ewart (263) and Kolster(293)) and pig (see 
Assheton (258)) the foetal membranes produce projections and become 
attached all over their surface and not merely in certain areas as in the 
cow and sheep. Wall(206) has described villi 100-200 long—on the 
foetal membranes of the cow in the intercotyledonary area (at the 
7th-9th month) of pregnancy. Since at this stage the uterine mucosa 
is wrinkled it is probable that these projections fit into the grooves so 
formed. In the cow the presence of raised projections—the cotyledons— 
causes greater pressure on the foetal membranes in certain areas more 
than in the other parts of the uterus; moreover the cotyledonary area is 
gland-free and so there is no secretion here to prevent close apposition 
of the parts such as exists in the intercotyledonary area where the 
secretion poured out from the mouths of the glands tends to float off 
the foetal membranes as well as to supply this part of the foetal tissues 
with nourishment. Sometimes, however, owing to the scarcity of glands 
and the pressure of the foetal fluids or of the foetus itself, the foetal 
_ membranes become closely pressed to the intercotyledonary area. When 

this happens the uterine epithelium is eroded and the dense sub-epithelial 
layer of the uterine mucosa thickens; such an attachment in the inter- 
cotyledonary area is shown in Plate XXIV, 3 and forms the beginning 
of an adventitious cotyledon. Hilty 205) found that adventitious cotyle- 
dons were formed from this sub-epithelial layer in the cow in much the 
same way as in an ordinary cotyledon. The foetal membranes grow 
projections which eat into the uterine connective tissue and this in turn 
grows out and an interlocking area is produced (see Plate XXIV, 4); 
extravasation of blood occurs between maternal and foetal parts and 
pigment is produced in the foetal part just as ina normal cotyledon. The 
interlocking and growth however are not so great as in a normal cotyledon 
and the attachment is easily pulled apart (but not so easily as it is in 
the pig) for the projections are straight and not many secondary 
branches are formed. The proliferation of the sub-epithelial mucosa in 
the intercotyledonary area in the cow is not dissimilar to that figured 
by Kolster (93) in the mare where the placentation is diffuse. 


(3) Foetal Tissues. 


The appearance of the foetal epidermal appendages has frequently 
been used as a method of determining the age. Bergmann (27) found in 
the “rotebunte Niederungs” breed that the first hairs appear round the 
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1. Foetal membrane on outer edge of 2. Foetal membrane on inner (uterine) 
cotyledon: 8th month of pregnancy. side of cotyledon: 8th month of pregnancy. 


3. Erosion of intercotyledonary epithelium by 4. Adventitious cotyledon: 6th 
foetal membrane prior to formation of adven- month of pregnancy. 
titious cotyledon: 2nd month of pregnancy. 


Table XXIX. Some changes occurring in the foetus and its membranes during pregnancy. 


Foetus 


c—--- SS”? 


Month 
(4 week) 
of No. *Foetal 
preg- of length 
nancy heifer in cm. 
ri P2 0-8 
2 P 4 5:4. 
3 Po is3 
4 Pil 245 
5 PS 39 
6 Pineal 
i PG 768 
8 PO. (6:60 


Organ 
development 


Limb sprouts first 
forming 


Ear bud just form- 
ing. Eyedark spot 
just under surface. 
Digits quite dis- 
tinct. Mouth and 
nostril depressions 
formed 


Periople ring and 
top of hoof swol- 
len. Hornbuds vi- 
sible. Ridges on 
inside of ears 


Eye sunk deeper 
under surface; pig- 
ment not so dis- 
tinct as before 


As before 


As before 


Eye open. Me- 
conium from anus 


Hard translucent 
horn on hoofs. Me- 
conium from anus 


Hair 
development 
Nil 
Nil 


Roughness round 
muzzle and lower 


lip 


Roughness round 
muzzle and lower 


lip 


Long hairs round 
muzzle and lower 
lip and on eye- 
brows 


As before, also 
downy hairs over 
horn cores and 


roughness at end 
of tail 


As before and also 
hair on tail, eye- 
lashes and round 


eyes and inside 
ears; long over. 
horn cores and 
round hoofs and 
in decreasing 


amounts to top of 
leg. Hair round 
navel and on el- 
bow joint 


Hair all over body. 
Colour (roan) quite 
distinct 


Foetal membranes 


End of 
membranes 


Centre of mem- 
brane distended 
with fluid (18 cm. 
long). Ends long 
(each 18 cm.) and 
narrow without 
fluid contents 


Moderately long 
projection of non- 
fluid-containing 
and non-vascular 
part extending be- 
yond the doubled 
over fluid-contain- 
ing and vascular 
chorionic part 


As before, non- 
fluid-containing 
end hard and 
tough 

As before 

As before 

Hard _ shrivelled 
lump at end of 
membranes 

As before 

Thin projection 
about 38 inches 


long without fluid 


* Forehead to base of tail. 


Cotyledonary 
attachments 


Nil 


Well marked pro- 
jections into co- 
tyledons within 
about 5 inches of 
navel. Beyond this 
shadowy outlines 
over cotyledons 
and at ends none 
at all 


Well marked in 
pregnant horn of 
uterus. Shadowy 
in non-pregnant 
horn. Constriction 
in body of uterus 


and outlines of 
cervical mucous 
plug seen 


Projections of co- 
tyledons in both 
horns of uterus 
but not so large on 
non-pregnant side. 
Dark pigment 
round cotyledons 
and round adven- 


titious attach- 
ments 

Cotyledons in non- 
pregnant horn 


smaller than in 
pregnant side but 
both large 


As before, larger 


As before, larger. 
Large number of 
adventitious coty- 
ledons 


As before, larger. 
Whole uterine sur- 
face brownish 


Amniotic 
pustules 
Nil 


Nil 


Small ones 
present 


Many both 
large and 
small 


Very large 
and nume- 
rous; coalesce 
in places 


Smaller and 


shrivelled 


Very shrivel- 
led; have al- 
most disap- 
peared 


Practically 
disappeared ; 
few shrivelled 
threads left 
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muzzle and eyebrows at the end of the 4th month of pregnancy, while 
at the 6th month hairs also appear on the eyelids, ears and over the 
horn cores; at the 7th month they are visible on the tail and at the 
beginning of the 8th all the body is covered with short hair. 

Our series of crossbred Shorthorns (see Table X XIX) show that at 
the end of the Ist (4 weeks) month the limb sprouts are just forming; 
at 2 months the ear bud can be seen and the digits are quite distinct. 
At 3 months the horn buds and ridges inside the ears are visible while 
the skin round the muzzle and lower lip is slightly rough but no hairs 
have yet appeared. At 4 months the foetus has much the same appear- 
ance but the pigment of the eye which has hitherto been prominent is 
now more obscured by this organ sinking deeper under the surface. At 
5 months long hairs appear round the muzzle, lower lip and on the 
eyebrows. In addition at the 6th month downy hairs appear over the 
horn cores and the skin appears rough at the end of the tail. At the 
7th month hair makes its appearance on the tail, eyelashes and round 
the eyes which are now open; hair also appears on the inside of the ears 
and is long round the periople ring of the hoof and is present but in 
decreasing amounts up to the top of the leg. Meconium appears from the © 
anus. At the 8th month hair is present all over the body and the colour 
(roan) is distinct; hard translucent horn appears on the hoofs and 
meconium comes from the anus. The extent to which the translucent 
horn develops on the hoof has also been used as a means of determining 
the age of a calf after birth by Schultz(308) and Schwarz (309) for meat 
inspection purposes. How far these appearances are affected by breed 
and nutritional conditions is not known but they will no doubt be of 
use in estimating the approximate age of any foetus obtained. Miiller (310) 
has described the appearance of the long hairs of the muzzle, etc. (Sinus 
hairs) in calf foetuses of known lengths, but, in most cases, of unknown 
ages; he found none at the 2nd month of pregnancy but they ap- 
peared soon after this time. 

At the end of the Ist month of pregnancy although the foetus itself 
is yet small (about the size of a pea) the foetal membranes are quite 
long (54cm.) and extend throughout both horns of the uterus (see 
Table X XIX). The foetus itself lies on one side—the pregnant horn— 
of the uterus and in this the more central parts of the foetal membranes 
have become filled with fluid (18 cm. long); the apical parts of the foetal 
membranes have little fluid in them and consist of long rounded strands 
(Plate X XV, 1) like the early stages in the sheep described by Assheton; 
no attachments to the cotyledons are visible. Albrechtsen (120) states that 


PLATE XXV 


1. Foetus and foetal membranes at 1 month. 
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during the lst month the foetus is loose in the uterine horns and is 
nourished only by diffusion from the uterine milk. Schmaltz() has 
figured an early stage (1 cm. long) in the cow showing the foetal mem- 
branes undistended with fluid; he also states that at about 7 weeks 
(3-5 cm. long) the foetal membranes are not yet attached to the uterus. 
At the end of the 2nd month the extreme ends of the foetal membranes 
are still undistended with fluid but these are now comparatively short 
and the distended chorionic parts are seen to be folded and growing 
over the non-vascular end. Cotyledonary villi are only seen in the more 
central parts of the membranes and shadowy outlines of the cotyledons can 
be observed over the area next this part; towards the end of the distended 
portion of the membranes the surface is quite smooth (Plate XXV, 2). 
Williams (286) states that the foetal membranes are not attached to the 
uterus until the embryo is 5-8 cm. long; which, according to our measure- 
ments, is between the 2nd and 3rd months. At the end of the 3rd month. 
of pregnancy the ends of the foetal membranes still have a short undis- 
tended narrow portion which persists up to at any rate the 8th month; 
this end has now become hard and tough. The cotyledonary projections 
are quite marked in the pregnant horn but in the non-pregnant horn 
shady outlines of the cotyledons only are to be seen. Where the mem- 
branes pass through the body of the uterus they are slightly constricted 
and the round outline of the mucous plug of the cervix can be seen im- 
pressed on the surface of the membranes (Plate XXV, 3). Williams (84) 
(his Plate II, p. 124) has figured the foetal membranes at about this age 
and states that the extreme ends often show a necrosis which is usually 
greater in the non-pregnant horn; he states (286) that in the non-pregnant 
horn the end usually extends to the Fallopian tube as a hard flattened 
yellow cord but on the pregnant side it usually becomes invaginated 
into the cavity of the amnion or allantois. Jenkinson 295) has shown 
that this necrosis is caused by lack of blood vessels in the extreme parts 
with subsequent degeneration of the epiblastic layers; a nodular growth | 
of connective tissue with the development of a muscle sphincter serves 
to prevent escape of the foetal fiuids. This terminal atrophy of the 
membranes is probably a provision for preventing the foetuses in cases 
of multiple pregnancy from attempting to absorb each other by a 
growing together of their membranes. The necrosis of the ends of the 
membranes is not so marked in the cow as it is in the pig or the sheep 
and this may possibly account for the frequency of freemartins in cattle 
as compared with sheep or pigs. We have not observed any cases of 
twin pregnancies in the cow but Lillie@11) states that in such cases he 
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has constantly observed a continuous chorion due to the fusing of the 
two membranes in their vascular layer; on this fact he bases his theory 
of the origin of freemartins. Statistics quoted by Liier (312) and Keller (313) 
show that 95 per cent. of heifers twin to bull calves are sterile. 

At the end of the 4th month of pregnancy the cotyledonary attach- 
ments are seen in both pregnant and non-pregnant horns of the uterus 
although they are not so large in the latter as in the former; at this 
stage fixation of the membranes may be said to be complete. Dark 
patches of pigment can now be seen in the foetal cotyledons and round 
the attachments of the adventitious cotyledons where they have been 
pulled away from the uterus. 

From this time up to the 8th month of pregnancy a similar state of 
things is to be seen. Bergmann (257) by counting the attachments of the 
cotyledons concluded that further fixation to the cotyledons ceased after 
the end of the 3rd month; he found the average number of attachments 
was 58 in the pregnant horn and 30 in the non-pregnant horn. 

It has been shown above (p. 48) that the right ovary is generally 
more active than the left in the cow and Stalfors (314) found that preg- 
nancy occurs more frequently in the right horn of the uterus than in 
the left. The foetus usually develops in the horn of the uterus of the 
side from which the ovum was shed, but Bergmann (257) found cases in 
which the ovum had migrated to the other side. While migration of the 
ovum is common in animals having many young at birth it is not 
frequent in those that bear one, such as the cow. In the cow even in 
cases of twins no records have been made of migration occurring; 
Bergmann (257) in two cases of twin pregnancy and Kiipfer (89) in 17 cases 
of twin pregnancy failed to find cases of migration. Whether the migra- 
tion that occurs in the cow is external or internal is unknown; external 
migration has been shown to occur in the rabbit by Leopold (815). Since 
migration is uncommon in cases of single ovulations (cow—Bergmann (257) 
found 1 in 50 cases and Kiipfer(s9) 1 in about 1000 cases) but is common 
in cases of multiple ovulations (sow—Corner (99) 50 per cent., Kiipfer (316) 
25 per cent.) it would appear that migration may occur at a time when 
the foetal membranes begin to swell and the young are orientated in the 
uterus by “touching out” of their ends. Since attachment does not 
occur for some little time the blastocysts, when the accumulation of 
foetal fluids begin, would naturally tend to distribute themselves in a 
single line in the uterus owing to pressure conditions and the undis- 
tended ends of the foetal membranes will frequently overlap as they do 
in the pig. In after-development the parts of the uterus to which the 
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foetus is first attached tend to grow more than those in which no attach- 
ment is made; this can be seen by the very unequal lengths of the two 
horns of the uterus in the pregnant cow. Franck-Albrecht (244) state 
that in a 9-months pregnant cow’s uterus the fertile horn measured 
71 cm. whereas the non-fertile one was only 37 cm. long. This length- 
ening of the uterus is very marked in cows in which both foetuses lie 
in the same horn. The increase in length of the uterus in itself tends to 
equalise the distances between the embryos. 

The appearance of the foetal fluids up to about the 6th month of 
pregnancy is usually clear and transparent but is occasionally slightly 
whitish and turbid. At about this time, however, the allantoic fluids 
become yellowish, although the amniotic fluid still remains clear. After 
about the 6th month hippomanes or lumps of a yellowish soapy con- 
sistency may be found in the allantoic fluid. These have been shown 
by Bonnet and Schauder (317) in the mare and Jenkinson (295) in the cow 
and sheep to arise by the more solid parts of the uterine secretions accu- 
mulating in sacculated portions of the foetal membranes from which they 
are eventually cut off and float free in the fluids. In the sheep they are 
common and one is shown in Plate XX XIII, 4. From about the 6th month 
of pregnancy onwards small golden patches like grains of sand can be 
seen by the naked eye between the foetal membranes and the uterine 
wall; they could not be dissolved by ether and did not consist of fat 
but are probably of an amino-acid or protein nature. In sections or 
smears taken from between the uterine surface and foeta! membranes 
these granules appear as concretions in which large dark-staining masses 
appear as well as numerous semi-decomposing nuclei scattered in the 
amorphous mass (Plate X XIT, 4). Crew and Fell (318) have described some- 
what similar bodies in testes where the products of secretion are under- 
going absorption. There can be little doubt that these concretions are 
formed from the less soluble parts of the uterine secretions and that large 
accumulations of them give rise to hippomanes (one of which was found 
in the 8 months pregnant stage) and are the origin in part of the yellow 
colour of the allantoic fluid. Jenkinson 29%) found that the pigment of 
these bodies was bilirubin, probably derived from decomposition of 
blood pigment; he also describes the frequent occurrence of calcium 
oxalate crystals in these bodies as well as in the foetal trophoblast. 

Bergmann (257), who made a thorough investigation of the foetal 
fluids in the cow at different stages of pregnancy, found that the allantoic 
fluid which is at first clear and colourless becomes yellowish and cloudy 
and in the last third of pregnancy a yellowish brown to brown colour; 
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it 1s always fluid in consistency and the specific gravity varies from 
1008-9 at the beginning of pregnancy to 1020-22 at the end; the reaction 
was alkaline in the first two-thirds of pregnancy but varied in the last 
third. Nauta(19) has pointed out that in the calf the urachus is passable 
during all foetal life and that foetal urine mixes with the allantoic fluid. 
The amniotic fluid Bergmann (257) found was at first clear and colourless 
and then yellow and clear but often cloudy and in the last third of 
pregnancy whitish and slimy; the reaction was always alkaline and the 
specific gravity remained the same—1078-98—throughout. 

We found at the 8th month of pregnancy that the amniotic fluid was 
light yellow in colour and thick with a mucous secretion. This mucus 
is not present in any great quantity in the early stage of pregnancy and 
its origin must be sought in the walls of the amnion and epithelium of 
the foetus. It was noticed that the amniotic portion (in the cow there 
is no allantoic portion) of the navel cord and internal surface of the 
amnion was covered in the early stages of pregnancy (3rd month—see 
Fig. 69) by a number of small whitish pustules. These pustules which 
become very numerous and turgid during the 4th month of pregnancy 
(see Table X XIX) reach their maximum size and distribution at the 
end of the 5th month; after this time they become smaller and more 
shrivelled and by the 7th-8th month have almost disappeared, only a 
few still showing as shrivelled threads or lines on the surface of the 
amnion. The time of their shrivelling and disappearance coincides with 
the appearance of large quantities of mucus in the amniotic fluid. 

Bernard (320) found that the “plaques amniotics”’ are localised masses 
of cells on the internal surface of the amnion and contain large quantities 
of glycogen; he says they reach their full development in the calf at 
about the 5th month and then gradually atrophy. 

We have sectioned the pustules in the different stages of development. 
At the 3rd month (Plate XX XII, 3) the pustules are seen as a thickened 
mass of epiblastic cells and the sub-epiblastic layer of rather dense 
mesoblast in this region is also thickened. The cells of the epiblastic 
layer are very similar to those of the foetal epidermis, the basal layer 
is of cubical deeply-staining cells, the middle layers consist of large clear 
globular cells with a deeply-staining nucleus and the outer layer is of 
slightly smaller cells rather more deeply staining. At 4 months the 
pustules have become thicker and the globular cells more numerous; 
several of the outer layers of cells have now become flattened and 
shrivelled just as they do in the epidermis of the foetal skin. At the 
5th month (Plate XXXII, 4) the size of the whole pustule has enlarged 
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and the proportion of the outer shrivelled layer of cells has increased; the 
thickened layer of mesoblast lying immediately under the pustule is well 
supplied with blood vessels. At the 6th month the pustule has become 
smaller and the proportion of outer shrivelled cells has still further 
increased. At the 7th month the pustule was small and although many 
clear cells were present they were smaller, more especially the deeper 
ones which were more darkly staining than before; blood vessels were 
very numerous in the thickened mesoblastic layer. At the 8th month 
the pustule, which was long and thread-like, had an appearance very 
similar indeed to that of the foetal skin epidermis; distinct layers were 
present as in the skin, although here and there a large globular cell 
could be seen; the base adjoining the mesoblast was thrown into papillae 
and in the mesoblastic portion of these blood vessels were numerous 
(Plate XX XIT, 5). 

Jenkinson (295) who has figured the structure of these cells at the 
4th-month stage in the cow describes them as vacuolated with glycogen 
and says that the cell structure may break down and become converted 
into a bag containing but one large mass of glycogen, and that in the 
older stages, when the glycogen becomes used up, the cells become 
flattened. 

We have stained these cells with mucicarmin and find that the large 
globular cells do not take the stain but that the shrivelled cells on the 
outer side stain shghtly. From their origin in the early stages and ap- 
pearance in the old stages it is evident that the pustules are epidermal 
thickenings which apparently play no important function in meta- 
bolism; their structure is essentially similar to that of the skin of the 
foetus itself (see in Plate XVII in development of mammary gland). 
Their store of glycogen differs in no respect from that stored in the 
foetal tissues. Mucin, although not demonstrable in these cells, is pro- 
duced in the amniotic fluid and over the surface of the foetal skin; 
whether it is formed from the stored glycogen is not definitely known 
although it seems probable as the outer cells collapse at the time of its 
production and in the stratified epithelial cells of the cow’s vagina 
mucus can be stained along the borders of similar clear epithelial cells 
(Plate XI, 6). 

The production of mucus by the epidermal cells covers the skin of 
the foetus with slime which is of great assistance in lubricating its 
passage at birth. 

Williams (84) states that in the mare, where the allantois forms a 
completely enveloping sac, the foetus may be born more or less 
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completely within the amniotic sac; in the cow however an extensive area 
of the amnion is not covered by the allantoic sac (see Franck-Albrecht’s (244) 
Fig. 76) and causes the former to remain adherent to the chorion and 
the foetus to be born naked. Moreover in the calf the navel cord is 
short and usually breaks at birth, whereas that of the mare is longer 
and does not rupture. In the cow therefore mucus is essential for 
lubrication of the passage of the foetus at birth and an additional supply 
is available from the mucous secretion of the cervical plug (see below). 

It is usually stated that before birth occurs the foetus 1s rotated in 
the uterus but we have made no direct observations on this point. 

The foetus which has hitherto been lying on its back owing to the 
position of its centre of gravity naturally tends to accommodate itself 
to the outlines of the uterus when uterine contraction begins (Denn- 
hardt (321)). The form of the uterus is convex above and the back of the 
foetus which is convex naturally fits into it as a result of pressure by 
the contracting uterus and rotation is produced. If this does not take 
place difficulties in parturition occur, for the roof of the pelvic passage 
in the cow is concave and that of the pelvic floor convex. 

Whether the presentation is posterior or anterior would seem to 
depend on the centre of gravity of the foetus, the heavier portion in the 
cow tending to drop furthest into the body cavity. Since the heavier 
end of the foetus in the early stages of development 1s the fore end, while 
in-the latter stages the hind end develops more, it is not unlikely that 
craniocaudal rotation occurs during development; the spiral arrange- 
ment of the blood vessels in the umbilical cord admits of this possibility. 
Williams (84) states that in the vast majority of cases in the larger 
domestic animals (mare and cow) anterior presentation occurs at the 
time of birth, while in the smaller multiparous. animals (sow and bitch), 
where the uterus is not pendulous but lies along the abdominal cavity, 
the foetus may present in either way but most frequently anteriorly. 
From this it would appear that the pendulent condition of the uterus 
is the main cause of the anterior presentation in the cow. 


(c) The Cervia. 


During pregnancy the cervix becomes completely occluded by a 
plug of mucus of thick sticky consistency, the amount of which increases 
as pregnancy proceeds. Reference has already been made to the change 
in consistency from the non-pregnant to pregnant condition (p. 55). 
Williams (84) states that sometimes the vaginal end of the seal is incon- 
spicuous while within the canal it may be well developed. 
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The mucus accumulates not only between the lamellae in the cervix 
(see Plate XIV, 4 and compare with 3, during the cycle) but it also 
extends to and blocks the central lumen and generally forms a seal over 
both the internal and external os. It thus effectively shuts off the 
uterine contents from external infection by way of the vagina. The 
accumulation in the lumen and between the lamellae stains intensely 
with mucicarmin. 

Measurement has been made of the thickness of the mucin at the 
bases of the lamellae in different stages of pregnancy and the following 
results were obtained (diameter in micrometer squares): 

Month of pregnancy 


RE Ra a eh ae SE ONT ee CE ye 
1 2 3 4. 5 6 t 8 
Diameter 2-3 6-7 11-12 6-7 7-13 18-26 9-20 20-51 


The plug is formed by the epithelial cells of the cervix which during 
pregnancy can be observed in all stages of the secretory process—from 
high columnar cells filled with mucin to flattened and irregular cells with 
the mucin straining from them and flowing between the lamellae (Plate 
SOV iv). 

It has been shown above (p. 93) that in the oestrous cycle the secretion 
of thick mucus is apparently associated with the presence of a well- . 
developed corpus luteum, and that liquefaction of this mucus occurs 
with atrophy of the body. During pregnancy, when the corpus luteum 
remains large, the accumulation of thick mucus is greatly increased, and 
just before parturition (see Appendix I (12)) liquefaction of the mucous 
plug occurs just as it does at a heat period. Zieger(110) states that the 
flow usually begins about a week before parturition, but that mucus 
may appear from the vulva at any time after the 5th month of preg- 
nancy. The accumulation of mucus lubricates the vagina for the passage 
of the foetus at parturition. Williams(286) states that when the foetus 
has died or is decomposing in the uterus the cervical seal is dissolved; 
the living foetus acts on the uterine seal, we believe, through its action 
in maintaining the corpus luteum rather than directly. 

Whether the mucous plug in the cervix is developed to a similar 
degree in other species 1s not known; but in our experience it is not 
nearly so well marked in rabbits and pigs as it is in the cow. Traut- 
mann (212) has figured a mucous plug in the cervix of the pregnant ewe 
in which species the seal is well developed. 

Zieger (110) found the reaction of the cervical seal was strongly alkaline 
and that the mucus was soluble in alkaline salts but became hard in 
60 per cent. alcohol. 
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The cervical seal of mucus besides forming a barrier to bacterial 
infection of the uterine cavity during pregnancy (which accounts for the 
difficulty in causing abortion by injections of Bacillus abortus per 
vaginam during pregnancy) also probably helps to dilate the cervix in 
readiness for the approaching parturition; and its liquefaction before 
the onset allows the foetal membranes to penetrate the cervix and still 
further dilate it. Zieger(110) found that at the 7th month of pregnancy 
in the cow the external os would allow the passage of a finger, which is 
quite impossible during the cycle or early stages of pregnancy. Ser- 
vatius (117) states that a day after parturition the cervical canal is closed 
by a thick slime and remains so until involution of the uterus is com- 
plete. Sommer (115), who studied the involution of the cervix after calving, 
found that it usually became closed and the folds in the mucosa re- 
appeared 8-14 days post partum, but this took longer in old than in 
young animals; he found that the internal os closes first and the external 
os later, and that the latter at 3-4 weeks after calving will usually admit 
one finger. 


(d) The Vagina. 


Oppermann (239) states that during pregnancy the vaginal walls become 
dryer and more sticky to the touch. During pregnancy the upper end 
of the vagina next the os undergoes very similar changes to those 
occurring in the cervix, and the folds of the epithelium are coated with 
a thick layer of sticky mucus. In sections stained with mucicarmin free 
mucus can be seen in the bases of the folds as well as in the epithelial 
cells (see Plate X XVII, 4). 

Retterer and Leliévre (322) found and have figured the development 
of mucus in the outer layers of cells of the stratified vaginal epithelium 
of guinea-pigs during pregnancy. 

The appearance of the vagina above the urethra is very similar to 
that which occurs about three days before the onset of heat during the 
cycle (see p. 95); there is no sub-epithelial congestion, but lymphatic 
nodules are occasionally seen. 

In the part of the vagina next the vulva the appearance during 
pregnancy is again very similar to that which occurs in the cycle about 
three days before heat is due (see Plate XV, 1 and p. 96). In addiiton, 
however, the lymphatic nodules appear to be particularly well developed, 
more especially in the earlier months of pregnancy. One of these lym- 
phatic nodules is shown in Plate XX VII, 5. In granular vaginitis these 
lymphatic nodules enlarge considerably. 


PLATE XXVII 


1, Gartner’s canal from cow: cystic. 2. Gartner’s canal: 3rd month 
of pregnancy. 
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3. Giartner’s canal: 48 hours after beginning of heat. 


4. Vagina next os: 8th month . Lymphatic nodule in vaginal mucosa: 
of pregnancy. Ist month of pregnancy. 
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Just before parturition, at a time when the flow of mucus begins, 
the vulva and vagina become red and swollen (see Appendix I (12)), but 
the histological changes occurring at this time have not been investi- 
gated. | 

Vaginal secretions. The effect of pregnancy on the flow of blood 
from the vulva after the heat period in heifers has been closely observed, 
for it is a common belief among herdsmen that bleeding does not take 
place two days after heat if the heifers have been successfully served by 
the bull and become pregnant. Williams (236) states that if a cow has 
been served and conceived it is doubtful if there will be a menstruation 
following; it is an early and valuable sign that conception has occurred. 

Four heifers were selected which bled regularly and freely 2-3 days 
after their heat periods (P 5, P6, P7 and P 8, see Table XII); these 
were then mated with a fertile bull, two early and two late in the heat 
period. All except one (P8 which was served late and afterwards 
several times failed to conceive) became pregnant to this service. In 
all bleeding took place after fertile service at the normal time (2-3 days), 
but subsequent bleeding was prevented in the three which became 
pregnant, but not in the one which was sterile. 

These facts show that bleeding is essentially part of the last oestrous 
cycle. One can say that the pro-oestrous bleeding in the cow is telescoped 
so as to appear after the oestrus, but if so it is difficult to explain the 
ovarian changes as the direct cause of the uterine changes, for different 
time relations between the two occur in the bitch and the cow. 

The results are interesting in connection with menstruation in women 
and in the bitch. In the cow insemination before the menstrual flow 
results in fertilisation of the ovum; in the bitch insemination occurs 
after the flow. As to whether in women insemination occurring just 
before menstruation is successful, as in the cow, there is not much 
evidence; but the majority of writers believe that this is so, for at no 
definite stage in the cycle is insemination known to be unfertile (but 
see Siegel(68)). Woman, however, differs from the cow in the time 
relations between ovulation and menstruation (see p. 27). 

That pregnancy can occur before the first menstrual flow in women, 
and that conception frequently occurs during the amenorrhcea of lacta- 
tion (Vignes(188)) points to the fact that the menstrual flow is the 
termination rather than the beginning of the oestrous cycle. 

That bleeding does not mark the initial stages of a new cycle, but 
rather the termination of the old cycle is difficult of experimental proof, 
for in the cow the cycles overlap. An attempt which was made to 
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separate the two cycles, by pricking the ripening follicle per rectum, and 
thus preventing the immediate onset of the new cycle, failed owing to 
the attempt being made on an old cow, the ovaries of which were too 
overgrown with connective tissue to locate properly the ripening follicle 
per rectum, and which we failed to rupture by the operation. No 
opportunity was obtained for repeating the experiment in young virgin 
heifers which bled regularly after their heat periods. 

During pregnancy there are no changes in the character of the 
cellular contents of the vaginal smears which are distinctive. Normal 
and degenerate vaginal epithelial cells are present, and occasionally a 
polymorphonuclear leucocyte or two; in the upper regions of the vagina 
sticky mucus is abundant. 

Gdrtner’s canals. The structure of these has been described on 
p. 97. Sections obtained at the 3rd, 4th and 6th months of pregnancy 
showed a far greater development of the gland tubules and accumulation 
of the secretory products in the lumen than has been observed in sections 
obtained from heifers during the oestrous cycle (compare Plate XX VII, 2 
pregnant with 3, during the cycle). 

Roeder (221) has shown that the size of the canals varies greatly in 
different individuals. It may be that the differences we have observed 
were due to the small number of individuals examined (4 or 5 of each 
state), or to differences in the part of the canal sectioned, whether 
apical or near the exit; but we are inclined to believe that this was not 
the case, and that hypertrophy occurs during pregnancy. 


(e) The Mammary Glands. 


The changes that occur in the gross weight of the udder in heifers 
(all of about the same age and type) at different stages during their 
first pregnancy, are shown in Table XXX. 

It has already been shown (p. 66) that the udder in virgin heifers 
collected from slaughterhouses varied in weight from 1420 gm. at 
2 years to 2650 gm. at 3 years, averaging 1930 gm. at 2 years 3 months 
old. The average weight of the udder of 7 heifers which were killed 
during the oestrous cycle (and which were similar in type but slightly 
younger than those which became pregnant) was 2250 gm. and varied 
from 1240 to 2740 gm. 

From Table XXX it will be seen that very little increase in weight 
of the udder takes place in the early stages of pregnancy, but that it 
gains in weight more and more each month as pregnancy proceeds. 
The number of animals on which this statement is based is admittedly 
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2. Udder of heifer: 4 months pregnant. 
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3. Udder of heifer: 5 months pregnant, 
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Table XXX. Weaght changes in the udders of heifers during the 


first pregnancy. 

Month (4 week) of pregnancy 1 2 3 4 5 6 a 8 
No. of heifer rr eae se Rs Pek POS Bi ic BAG P 
Approx. age of heifer: yrs. months 2-6 2-0 2-6 26 3-0 30 26 3-0 
Weight (gm.) 2220 1640 2500 2920 4390 6160 9540 6140 
Weight as % of weight at first 

month of pregnancy 100 74 ‘ils. 1382 198 277 430 277 
Per cent. increase — 13 19 66 79 163 — 


small, but they were animals of similar type and age, and were kept 
under similar conditions. The individual variation, however, is large 
(for example, the small weight of the udder at the 2nd month), and 
although there is increase from the Ist to 3rd month, both weights lie 
within the normal variation in virgins of the same age. More material 
is required before a definite growth curve can be drawn. The results, 
however, indicate (as will be seen from the percentage weights shown 
in Table XXX) that a normal growth curve is followed very similar to 
that shown in Diagram II for the uterus and its contents, and that there 
is no alteration in shape either before or after the 5th month of preg- 
nancy. The difference in weight between the 7th and 8th months was 
probably caused by the fact that P 6 at the 7th month had the udder 
fluids withdrawn periodically from the udder, and was producing milk; 
whereas in P 9 at the 8th month the fluids had never been removed 
before the animal was killed, and milk had not been formed. 

The nature of the secretions which can be obtained from the nipples 
in the different stages of pregnancy has already been referred to above 
(p. 116 and Table XXII). Woodman and Hammond (169) have shown 
(from the heifers mentioned here) that the fluid which can be 
obtained from the virgin gland is similar in chemical composition and 
appearance to that which is present up to about the 4th month of 
pregnancy; this serous, slightly whitish and very fluid secretion, contains 
small quantities of casein (2:36 per cent.), lactose (1:19 per cent.) and 
fat (0-12 per cent.), as well as considerable amounts of albumen (1-61 per 
cent.) and globulin (3-44 per cent.). At the 5th month the character of 
the secretion changes, and it becomes very viscid, yellowish and honey- 
like. 

Woodman and Hammond (323) have shown (from the heifers men- 
tioned in this paper) that at this stage the secretion consists almost 
entirely of globulin (34-5 per cent.), with small quantities of albumen, 
(1-0 per cent.) and only a trace of casein and lactose and fat. They 
concluded that it is the mixture of this substance with true milk, which 
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is formed after the 5th month if fluid is withdrawn from the udder (or 
later, just before parturition if it is not withdrawn), that produces 
colostrum; it was also suggested that this honey-like secretion being 
composed of almost pure globulin might yield large quantities of anti- 
toxin in a concentrated form for immunity purposes. Kepf (324), Bernhard- 
Vonnahme (325) and Sassenhagen (326) have shown that the antibody 
content of colostral milk is much higher than normal milk; and the 
latter also found that the milk produced in mastitis where the globulin 
is high is also rich in these bodies. 

Woodman (327) has shown that the globulin of colostrum and of 
cows’ blood serum is identically the same; so that no gland activity is 
involved in its formation. 

It has been shown above (p. 69) that the amount of fluid that can 
be obtained from the udders of virgin heifers varies considerably in 
different individuals, and this is so during pregnancy. In any one 
individual, however, the amount increases as pregnancy advances; for 
example, P 6 yielded during the 2nd month of pregnancy under 100 c.c., 
while at the end of the 7th month over 280c.c. was obtained from 
two quarters only. These figures were obtained by milking at very irre- 
gular intervals; the exact amounts obtained when regular intervals 
between milkings are observed is now being investigated, and it is hoped 
will give a measure of the gland extent at the different stages—the up- 
gradient of the lactation curve. 

The time (5th month) at which the nature of the secretion changes 
from a serous fluid secretion to a honey-like fluid corresponds to the 
time after which milk in any quantity is usually produced in cases of 
abortion occurring in heifers which are in calf for the first time (see 
opinions of herdsmen—Appendix I (6)). 

Craig (17) states that when abortion occurs in a cow before the 5th 
month, the secretion of milk is generally interrupted; but when it occurs 
in the latter half of pregnancy the secretion of milk may be established, 
although the yield is usually diminished. This is shown in statistics 
given by Albrechtsen (120), 

It has been shown by Gavin (328) and more recently by Hammond 
and Sanders (329) that there is a marked drop in the milk yield of a cow 
about the 5th month of pregnancy; the latter also found that there was 
a small drop in yield soon after service, but that a large drop in yield 
did not occur until the 20th week. 

In order to determine exactly what changes were taking place in the 
mammary gland at this time (5th month) the udders were cut in slices 
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2. Udder of heifer: 7 months pregnant (fluids withdrawn). 


3. Udder of heifer: 8 months pregnant (fluids not withdrawn). 
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and stained (see p. 66 for method) so as to show the distribution of 
the mammary tissue at different stages. The results are shown in 
Table XX XI and in Plates XXVIII and X XIX; in looking at these 
it should be remembered that P 9 (killed at 8 months) differed from 
the others in that the fluids were not removed periodically before the 
animal was killed, as was done in all the other cases. 

The length of the ducts increases only a little during the course of 
pregnancy, the maximum amount being 2cm. on an average initial 
length of about 9cm. It would appear that growth in length of the 
mammary ducts takes place mainly at the time of puberty with the 
first appearance of the corpus luteum, and that afterwards but little 
increase in length occurs. This growth is therefore very similar to that 
of the uterine glands, which also increase in length at puberty but very 
little during pregnancy. 

The size of the milk cistern is small during the first few months of 
pregnancy, not much different from that of the virgin state; large indi- 
vidual differences, however, exist, mostly associated with the amount 
of fluid that can be drawn off from the nipples. During the 5th—6th 
month the size of the cisterns increases slightly, and it was comparatively 
large at the 7th month, but only moderately developed at the 8th month. 
It would appear that the cistern increased in size with the amount of 
fluid secreted by the udder. It is probable that the “letting down” of 
the nipples just previous to parturition in Ist calf heifers is due to the 
expansion of the milk cistern, as a result of the onset of milk secretion. 

The proportion of gland tissue to fat in the udder is small during the 

first three months of pregnancy, not more than exists in a virgin animal 
of the same age (Plate VII, 3 and Plate XXVIII, 1, compare with Plate VI 
during the cycle). At the 4th month the proportion of gland tissue in- 
creases slightly, more especially in the neighbourhood of the large ducts 
entering the milk cistern (Plate XXVIII, 2). At the 5th month the 
gland tissue is beginning to broaden out in all parts of the gland, but 
more especially round the cistern and large ducts (Plate XXVIII, 3). 
_ At the 6th month the gland tissue is swelling in all parts of the udder, 
and round the cistern and large ducts it has become so broad that it 
crowds out almost all fatty tissue, and forms a dense gland mass (Plate 
POV EES 1h) 

At the 7th month the extent over which this dense mass spreads is 
increased (Plate X XIX, 2). 

At the 8th month (in which the fluids had never been previously 
removed) the state of the gland (Plate XXIX, 3) was very similar to 
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1. Second month. 2. Fourth month. 


3. Fifth month: 4. Sixth month. 


5. Seventh month (fluids 6. Highth month (fluids not 
withdrawn). withdrawn). 
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that of P7 at the 6th month, with probably a slight increase in the 
proportion of gland tissue. 

From the above account it will be seen that the development of the 
gland during pregnancy consists mainly in the broadening out of the 
alveolar ducts, which have grown at puberty, into alveoli; macroscopi- 
cally the broadening does not begin to appear until about the 4th month. 
Occasionally before this time a small piece here and there in the gland 
enlarges (see Plate XXVIII, 1 in the third month of pregnancy and 
Plate VI, 1 during the cycle). The swelling appears to begin usually 
in the older parts of the gland (near the milk cistern and large ducts), 
and gradually spreads to the younger and apical parts of the ducts. 

The significance of the above macroscopical changes became ap- 
parent when histological specimens were examined; these are shown in 
Table XXXI and in Plate XXX. In every case the udder was left 
unmilked before the animal was killed, so that a better estimate could 
be obtained of the extent of the gland, and the distention of the alveoli. 

In the 2nd month of pregnancy (Plates XXX, 1 and XXXI, 1), and 
the lst and 3rd were very similar, the main ducts have sprouted out 
to form the minor or alveolar ducts, but the lobules themselves are not 
properly formed, and their outline is shadowy. The alveolar ducts are 
lined by a double layer of epithelial cells. It has previously been pointed 
out that the ducts grow along the connective tissue bands dividing up 
the fat of the udder, and it is by growing out from these that the 
lobules are eventually formed by replacing the fatty tissue. 

By the 4th month (Plates XXX, 2 and XXXI, 2) the outline of the 
lobules has become more definite, and the connective tissue in this region 
increases in denseness by the multiplication of cells of the plasma and 
lamellar type. In most of the alveolar ducts which are now increasing 
in length rather than thickness, the epithelium is of two layers, but here 
and there only one layer is seen, probably the beginning of increase in 
thickness. In the lumen a little secretion can be seen. | 

At the 5th month (Plates XXX, 3 and XXXI, 3) the lobules have 
become definitely formed, although they are still small; they now stand 
out from the thick connective tissue bands in which they were at first 
produced. The granular connective tissue of the lobule has become more 
dense, and contains numerous blood capillaries. This growth of the 
nutritive plasma cells of the connective tissue and blood vessels is neces- 
sary for the proper nutrition of the developing gland, and is very similar 
in appearance to that of the theca interna of the developing Graafian 
follicle and of the sub-epithelial layer in the uterus. At this stage the 
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gland has formed true alveoli, which are seen to have a single cell epi- 
thelium of rather columnar shape, while some of the cells appear clear 
and globular. A moderate amount of secretion is present in the lumen. 
Brouha (330) has described in several species the double-celled epithelial 
layer of the mammary gland before and during the early stages of 
pregnancy, and states that when the gland activity begins, a single layer 
only is visible. 

At the 6th month (Plates XXX, 4 and XXXI, 4) the lobules have 
increased in size greatly, so that they are densely packed together, and 
are now separated more by thick bands of connective tissue (in which 
the ducts originally developed) than by fat cells. The proportion of 
alveoli to dense connective tissue in the lobule has increased by swelling 
of the alveoli which have now become distended with a homogeneous 
secretion, and their single layer of epithelial cells is flattened. At this 
stage the honey-like secretion was being produced in large quantities. 

At the 7th month (Plates XX XI, 5 and XXXII, 1) only thin strands 
of connective tissue separated the lobules, and in these the proportion of 
the alveolar tissue was still further increased by swelling of the alveoli 
with the secretory products; the secretion was not homogeneous in all 
places as before, but was flaky and granular in many of the alveoli. 
The epithelial cells were one layer thick, and were very flattened by the 
distention of the alveolus with fluids; in some parts a few fairly large 
clear cells could be seen. At this stage analysis of the secretion, obtained 
from the other half of the udder, showed that true milk with a rather 
high globulin content was being produced (colostrum). 

The appearance of the gland at the 8th month (Plates XX XI, 6 and 
XXXII, 2), in the heifer from which no fluid had been drawn off from 
the udder previously, was very much like that at the 6th month, but 
there were only thin strands of connective tissue between the lobules, 
and the alveoli themselves were slightly larger. 

From the above description it will be seen that up to the 4th—5th 
month, growth of the granular connective tissue, vascular basis and 
alveolar duct elements of the lobules is taking place. About the 5th 
month, the character of the alveolar duct epithelium begins to change, 
and the parts of the alveoli which have completed their growth in length 
now begin to develop in thickness, or rather, diameter; the cavity pro- 
duced is filled with the honey-like secretion. Removal of this secretion 
(such as was done in the case of P 6 killed at the 7th month) apparently 
initiates true glandular activity and the formation of milk; when the 
honey-like secretion is not removed (P 9 killed at the 8th month) the 
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secretory activity of the gland does not commence, but only further 
growth of the alveoli occurs. It is not unlikely that glandular secretion 
normally begins when the udder “drops” before approaching parturi- 
tion (see Appendix I (12)), but the exact time at which this normally 
occurs has not been determined. 

Willams (84) states that the enlargement of the udder begins quite 
early in primiparae, but in animals which have produced several young 
the glands do not usually show signs of enlargement until towards the 
close of gestation. He also says that in cases which are not dried off 
prior to parturition, but which are milked through, there is an increase 
in yield just before calving. 

The exact stage at which, under normal conditions, true milk secre- 
tion first occurs, and also whether the initiation of glandular activity in 
first calf heifers by milking during pregnancy prevents further broad- 
ening of the alveoli by growth, are problems of practical importance, 
for they probably determine the optimum time a cow should be dry 
before calving in order to obtain the best results in the subsequent 
lactation. The latter problem has been approached from another side by 
Hammond and Sanders (829) from a study of Milk Records, to which the 
reader is referred. 

The fact that true milk is secreted (see Woodman and Hammond (323)) 
as early as the 7th (4 week) month of pregnancy if the fluids are with- 
drawn from the udder, is contrary to the idea held by some that secre- 
tion of milk at birth is due to the removal of an inhibitory factor (foetus 
or placenta). It would appear rather that milk can be formed after the 
gland has reached a certain state of development, and that active growth 
of the gland is associated with decrease in its secretory power at the 
time (see Hammond and Sanders (829)—drop in milk yield of pregnant 
cows). 

Our impressions of the processes concerned in the development of 
the gland are as follows. It would appear that in the virgin condition 
little true alveolar development is produced—in some individuals here 
and there small alveoli develop, and a little casein, lactose and fat are 
produced; the main development, however, consists of duct tissue only, 
and this develops in and along the connective tissue bands which divide 
up the fat of the udder. During pregnancy in the cow at the 5th month 
the true alveoli are formed, and begin to enlarge; this process is asso- 
ciated with the production of globulin in large quantities. When the 
alveolar growth has finished (or before if the fluids are withdrawn so 
that the epithelial cells have room to develop), glandular activity begins. 
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The stimulus which during pregnancy causes the gland to develop 
probably acts through causing development of the vascular and dense 
connective tissue plasma layer, which is necessary for the gland’s nutri- 
tion. The delay in development of the true alveoli after pregnancy begins 
until the 5th month is possibly due to the fact that the layer has to be 
built up first, and the alveolar duct extent increased, before true alveolar 
development is possible. It is probable also that it is this dense con- 
nective tissue and vascular layer which is primarily affected, and causes 
decreased nutrition of the gland with advancing lactation. If during 
lactation the products of secretion are not withdrawn, accumulation of 
by-products soon causes degeneration, just as it does in the corpus 
luteum itself. Benoit (331) found that the interacinous cells of the mam- 
mary gland of mice contained fat which was passed on to the glandular 
epithelium. 

Bouin and Ancel (332), from a study of the changes occurring in the 
mammary glands of the pregnant rabbit, concluded that during the 
first part of pregnancy duct growth occurred and that in the latter part 
of pregnancy a glandular development took place; in the first the gland 
increases in extent (length), and in the second it increases in thickness. 

We have confirmed these facts in the rabbit by our own observations 
(Hammond (208)). In black pigs, although the black skin pigment is 
present in the duct phase of growth of the mammary gland in virgin 
sows, it disappears when the glandular stage has developed after preg- 
nancy (Mackenzie, Marshall and Hammond(333)). Loeb and Hessel- 
berg (334) found that in the guinea-pig proliferation of the mammary 
tissue does not occur until comparatively late in pregnancy (24th day). 
In this species, as in the cow, the cyclic corpus luteum has already caused 
the primary duct growth, and it is the glandular phase to which these 
investigators refer. In the rabbit there 1s no cyclic corpus luteum, and 
the primary duct growth occurs in the early stages of pregnancy or in 
pseudo-pregnancy. 

Bouin and Ancel (835) state, however, that while the first (duct) phase 
of growth is caused by the internal secretions of the corpus luteum, the 
second (glandular) phase is caused by the myometrial gland which de- 
velops between the muscular layers of the uterus in the second half of 
pregnancy. We have, however, been unable to find this gland in the 
cow, and from experimental evidence in rabbits (Hammond (208)) con- 
cluded that it was the further and long-continued development of the 
corpus luteum which caused the second as well as the first phase; this 
evidence was based on removal of the foetus only from pregnant animals 
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leaving the foetal membranes and placenta intact, when neither the 
corpus luteum nor the mammary gland continued to develop. 

This evidence is, however, only indirect, for it is based on the as- 
sumption that it is the foetus which causes the corpus luteum to persist, 
and that this in turn acts on the mammary gland. Direct evidence will 
be difficult to obtain until such a time as it 1s possible to produce 
the persistent corpus luteum experimentally. 

The majority of injection experiments on the effect of extracts on 
the growth of the mammary gland such as were performed by Aschner 
and Grigoriu (336) and Fellner (337) are open to the criticism (see p. 81) 
that the results obtained are due to the normal variations in ovarian 
activity, since nearly all have been performed on uncastrated animals. 
Lane-Claypon and Starling (338) concluded that the foetal secretions were 
the direct cause of mammary development, but although the discovery 
of the effect of the corpus luteum has rendered their conclusions doubtful, 
it has not yet been conclusively shown that the foetus has no direct 
action. Biedl and Konigstein (339) from injection and implantation ex- 
periments concluded that the foetus had an action on the growth of 
the gland, but the placenta was without effect. 

Loeb and Hesselberg (334), however, have shown that if guinea-pigs 
are castrated during pregnancy, no proliferation of the mammary gland 
occurs, even though the foetus is present; we have not, however, in 
the rabbit found it possible to remove the ovaries without causing 
abortion. | 

The effect of the uterus itself on the primary mammary growth has 
been eliminated by hysterectomy experiments (Hammond and Mar- 
shall (60)), and Craig (17) states that in cases of pathological accumulation 
of fluids in the uterus no enlargement of the mammary gland occurs. 

One reason why the development of the alveoli of the mammary 
gland is not apparent until the 5th month of pregnancy has already 
been given (p. 176), but other explanations are possible. 

A study of the pregnant uterus and its contents (p. 130) shows that 
there are three changes occurring at the 5th month of pregnancy which 
synchronise with the development of the glandular phase of develop- 
ment: (1) the cessation of much further formation of the foetal fluids, 
(2) the maximum development and breakdown of amniotic pustules, 
and (3) the completion of cotyledonary attachments occurring just before 
this time. 

Without chronological data for other species or experimental evi- 
dence, it is impossible to say whether any of these factors have a direct 
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action on the growth of the mammary gland, or whether both are deter- 
mined by a common cause—the persistence of the corpus luteum. 

The possibility exists that during the first part of pregnancy the 
secretions of the corpus luteum are utilised to a greater extent in the 
development of the cotyledonary attachments and fluids than in the latter 
part, where more is available for mammary growth. Frank (340) con- 
cluded from injection experiments that the corpus luteum secretion is 
stored in the placenta, from whence it is distributed for the use of 
mammary growth in the second part of pregnancy. The experimental 
evidence in rabbits is, however, against this view, for the mammary 
gland does not develop faster during pseudo-pregnancy than in ordinary 
pregnancy (Hammond (208)). 

From the fact that in Dasyurus (a marsupial) the whole process of 
mammary growth and lactation is brought about by the corpus luteum 
(O’ Donoghue (341)) it seems unlikely that in the higher mammals a dual 
control should have arisen other than control through the duration of 
the corpus luteum itself. 


Ne 
STERILITY. 


No direct investigation of the causes of sterility in cows has been 
made, but incidentally during the experiments a certain amount of data 
has been collected which has a bearing on the subject. 

The cow is a very suitable subject for the study of sterility, for the 
ovaries and uterus can be examined per rectum without the necessity 
of an abdominal operation, and observations on the effect of treatment 
can be made on the living animal. 

It would appear to be of no consequence whether service occurs 
early or late in the “heat” period (see p. 176), and it may be found 
possible by certain methods of artificial Insemination to prolong the 
time when conception is possible. 

It has generally been recognised that sterility may be either (1) tem- 
porary or (2) permanent. The former (1) though not so striking in its 
effects or so often coming under the notice of veterinary surgeons, is 
probably the main cause of loss in cow-keeping, both because of the 
large number of animals so affected and also because of the loss of time 
it involves in milk production. Albrechtsen (120) gives statistics to 
support this statement. 

The latter (2) is of more importance in pedigree animals, for if de- 
veloped in commercial stock, it is generally more profitable to slaughter 
than to treat. Hven in pedigree animals, it is probably advisable to 
slaughter in the case of heifers with what may be called “genetic” 
sterility ; for, as shown by the Duchess tribe of Shorthorns, it is inherited. 
When, however, a cow becomes sterile in after-life it is probably the 
result of accidental causes which are not likely to be inherited, and if 
cured would save a valuable breeding animal. 

There is, however, no hard and fast line between temporary and 
permanent sterility, and below the various causes are described, those 
of a more temporary nature being taken first. 

(a) Short or faint heat periods, such as have been described above 
(p. 18), due to individuality, time of year, shortness of life of the corpus 
luteum, etc., and which are physiological rather than pathological in 
origin, frequently cause delay in service rather than absolute sterility. 

The symptoms of heat can generally be increased by keeping the 
animals warm in cold weather, and by giving exercise. Extreme fatness 
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is inimical to intense heat periods; the maximum reproductive functions 
occur with a rising condition of nutrition rather than with a stationary 
or lowering condition of nutrition. 

Reinhardt (34) suggests the use of yohimbine or cantharides in these 
cases; but we have not been able to increase the length of the heat period 
by their use (see p. 20). 

(b) Over-excitability of the anvmal when on heat often results in severe 
straining after service, and frequently extrusion of the semen. Such 
cases in mares have been treated successfully by artificial insemination 
(Marshall and Crosland (342)). In cows, where this operation is difficult 
on account of the small size of the cervix, a remedy sometimes used to 
prevent straining after service is to throw a pail of cold water over the 
animal, and also to keep it away from others, shut up in a box by itself; 
it has then no opportunity to jump other cows, for this is usually fol- 
lowed by straining, and a flow of mucus from the vulva. Reinhardt (34) 
suggests the use of bromide or other drugs in such cases. 

(c) Impermeability of the cervix to spermatozoa, caused by the in- 
complete liquefaction of the mucus of the cervix. As shown above 
(p. 54), liquefaction normally occurs just before the onset of heat, and the 
fluid state of the mucus allows the spermatozoa freedom of movement. 

Macomber (343) found that in women a thick tenacious secretion of 
the cervix often causes sterility. It is probable that this condition is 
ageravated by an acid condition of the reproductive tract, for mucus 
becomes tenacious in an acid medium, but liquefies easily in dilute 
alkalis; hence the good results which have been frequently obtained by 
washing out the genital passages with dilute alkalis just before service. 
Reinhardt (34) suggests the use of a 0-5 per cent. solution of sodium 
bicarbonate. 

The thickened condition of the mucus of the os is probably one of 
the causes why forced service when an animal is not on heat (see 
Lewis (344) in pigs) is generally without result; although it is said by 
Sakowsky (345) that cows can become pregnant by artificial insemination 
at a time when they are not on heat. Difficulties in getting through the 
cervix during the interoestral period might be overcome by injections 
with a covered needle syringe such as is used for the withdrawal of fluids 
from cysts. 

We have frequently seen cases of heifers and cows which come on 
heat quite regularly, and in which the organs were normal, anatomically, 
but which failed to conceive after service (see P 8); we believe that 
many of these cases could be grouped under (0) and (c) above. 
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Heifer P 8. This heifer was selected for experimental purposes, and the times 
of heat determined (‘Tables III and IV); she was mated (together with three others 
which proved to be successfully in calf) with the bull in December 1921, but did not 
conceive. She was then taken to another farm, where she was subsequently mated 
several times with different bulls, but failed to breed. She was killed in July 1922, 
and the organs were found to be normal in every respect; a fresh corpus luteum 
was found in one ovary, and the uterine mucosa was congested (see Table XX XII). 


Table XXXII. Weights (gm.) and sizes (em.) of parts of reproductive 
organs of sterile cows. 


Ovaries 
7 —\— 
Follicles or cysts 
Corpora lutea size 
Weight size oe en 
No. of rc = a Next Uterus 
cow Condition of cow Largest Smallest New Old Largest largest weight 

Heifer Organs normal 4:5 4:3 1-1 1G 0-9 0-9 240 

0-5 0-8 
OF. 

Cow Persistent corpus luteum 16-0 3d 2: — 1-4 — 280 
" a ‘a 14-6 6:5 2:0 0-6 1:8 — 600 
2 Large single cyst 26-2 td] 1-1 —- 3-1 — 560 
as Multiple small cysts 12:5 12-1 oo — 2:0 1-4 740 

1:3 
1:2 
1-1 
& Tubercular 6-0 4-0 0-5 — 0-9 — 360 


A possible explanation of these cases is that “heat” (desire) and 
ovulation are not properly correlated, so that service occurs at a time 
unsuitable for the fertilisation of the egg. There are, however, no data 
to support this hypothesis, but it could easily be determined by ex- 
amination of the ovaries per rectum. Strodthoff (346) found in the cow 
cases of heat without ovulation occurring; but in these cases cysts 
usually form in the ovaries. 

(d) Pathological conditions of the uterine and cervical mucosa have 
frequently been cited as causes of sterility. Albrechtsen (120), who believes 
this to be the main cause of sterility and to be contracted very largely 
by infection at parturition, has obtained good results in these cases from 
uterine irrigation. Whether as stated by him uterine infection causes 
persistent corpora lutea, and so is the primary cause of sterility, we doubt; 
for many animals with uterine infection come on heat regularly; it is 
more probable that a persistent corpus luteum aggravates infection by 
raising the nutritive conditions of the uterus. Beaver, Boyd and 
Fitch (347) found when making a bacteriological examination of the organs 
of sterile cows that in most cases there was multiple follicular cystic 
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degeneration of the ovaries, and that this was frequently associated with 
hypertrophy of the cervical folds. | 

Many of the cases of inflamed cervix quoted by Albrechtsen were 
also known to have cystic ovaries, and we believe that the latter is the 
cause rather than the result of the inflamed cervix; for normally cervical 
congestion occurs just after each heat period (see p. 54). He states 
definitely, however, that diseased ovaries and nymphomania can be 
cured by uterine irrigations. 

Albrechtsen’s method of manipulation is to hook the cervix and to 
draw it back towards the vulva; after the insertion of a wire vagina- 
scope, the cervix can be inspected, and, if necessary, a catheter can be 
introduced into its orifice with the left hand (which also holds the hook) 
and fluid is pumped in by an assistant; the removal of the fluid from 
the uterus is effected by pressure of the right hand on the uterus per 
rectum. Illustrations of the apparatus used are shown in his book. We 
have found that the insertion of even a small catheter into the cow’s 
cervix is a difficult matter, and entrance is probably much better attained 
by high pressure with fluids than by the use of dilating instruments. 

(e) Cervical stenosis, or fibrous condition of the cervix, is, we believe, 
very rarely a primary cause of sterility. Extreme rigidity of the cervix 
is normal in cows. Pathological growths are sometimes found in the 
cervix (Albrechtsen (120)), but in our opinion play but a small part in 
causing sterility. Williams(2s¢) found only one case of closure of the 
cervix in 1500 animals examined. 

Cysts in the external os and vagina often exist (see Oppermann (239)), 
but they seldom completely block the passage. Oppermann and 
Keller (348) have also illustrated cases in which the cervix is double (as 
occurs in the rabbit), but these are rare; the latter shows that the ovaries 
are functional in these cases, for corpora lutea were found in them. 

In our opinion, as is pointed out by Albrechtsen, occlusion of the 
lumen of the cervix is much more likely to occur by swelling of the 
mucosa as the result of congestion than by fibrosis of its walls. Treat- 
ment in such cases depends on reducing the congestion rather than by 
dilating the cervix. 

(f) The Graafian follicles may fail to mature properly, and the heat 
periods may not occur. Whether this condition is permanent or tem- 
porary depends on the cause of the failure to develop. Extreme (per- 
manent) cases are to be seen in freemartins (which occur in about 
95 per cent. of heifers born twin to a bull) where the ovaries are 
rudimentary or absent. 
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Follicles fail to develop in the ovaries before puberty, in the an- 
oestrous condition outside the breeding season, and they also sometimes 
fail to develop during the breeding season under conditions of reduced 
nutrition brought about by low feeding during periods of heavy milking 
(rabbits—see Marshall and Hammond (24)) or cold wet weather. 

In heifers delay in coming on heat has been noticed which could be 
attributed to this cause; but only one case of complete absence (C 1) 
due to food and weather, and one to disease (A 4) have been observed. 
In another cow affected with tuberculosis the ovaries contained neither 
recent corpora lutea nor large follicles (Cow No. 9), but the breeding 
history of this animal was unknown. 


Heifer C1 (see Tables III and IV) was in poor condition during December, and 
was due to come on heat on December 28th. She was watched night and morning 
every day from the time of her last heat up to December 25th, and also from 
January Ist to 15th; from the morning of December 26th to December 31st she was 
tried with the bull every two hours, but showed no signs of heat. On January 16th 
she came on heat, but the symptoms were slight. Previously her heat periods had 
lasted 18-20 hours. No bleeding occurred from the vulva between December 11th 
and January 16th, although she had previously bled after her heat periods, and it 
is fairly certain that no heat occurred between December 10th and January 15th. 

Cow No. 9. From a slaughterhouse; carcase condemned for generalised tuber- 
culosis. Ovaries (Plate XX, 3 and Table XX XII) contained neither recent corpora 
lutea nor follicles of any size, the largest corpus luteum being only 0-5 cm. in diameter 
and the largest follicle 0-9 cm. Unfortunately no previous history of the cow was 
obtained. 

Cow A 4. Experimental animal; 12 years old; dry and in good condition. Pur- 
chased in January and came on heat regularly until the end of March; remained on 
heat about 17 hours (see Tables HII and IV). She was due to come on heat on 
April 12th and again about May Ist, but although seen at least twice daily (8 a.m. 
and 4 p.m.) from April 3rd to April 8th, and tried with the bull every two hours 
from April 9th to May 4th, when she was killed, no signs of heat were observed. At 
slaughter, the carcase was condemned for generalised tuberculosis; the ovaries (Plate 
III, 3) showed that ovulation had not occurred for some time, as only a very old 
corpus luteum, scarlet in colour and of 0-7 cm. diameter (Table X X XIII) was present 
in the ovaries. In the left ovary there was a follicle of almost mature size (1-1 cm.), 
but it did not project from the surface of the ovary as most ripe follicles do; it showed 
in the liquor folliculi on the inner side of the follicle a large clot of blood. A similar 
extravasation of blood into one of the large follicles (0-95 cm.) of the right ovary 
had also occurred. 


Atrophy of the follicle associated with extravasation of blood into 
the cavity, as seen in Cow A 4, has also been observed even in small 
follicles of 0-5 cm. diameter, after the ovary had been squeezed in the 
hand per rectum (Cow A 2). It should be stated that the ovaries of 
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Cow A 4 were not handled, nor was any vaginal or rectal examination 
made during the time she was in our possession, from January to May. 
The microscopic appearance of the atrophic follicle in Cow A 4 is shown 
in Plate X XVI, 2; the granulosa of the follicle appears to be intact and 
normal; but some of the blood vessels of the theca have broken down, and 
red blood corpuscles have penetrated the granulosa and lie in the liquor 
folliculi. Since the occurrence of degenerate follicles of this type is much 
more frequent in the rabbit (where spontaneous ovulation does not occur) 
than in other animals, it would appear to result from congestion of the 
theca which was not followed immediately by rupture of the follicle. 
The relation in this case to the tubercular condition of the cow is not 
clear, unless it be that supplies of generative ferment are reduced by 
tuberculosis. 

In a similar but small follicle from Cow A 2, in which the ovary had 
been squeezed five days before the animal was killed, the blood half 
filled the follicular cavity, and the granulosa cells were degenerate and 
scattered about the cavity; a few had developed into small luteal cells. 
Fitch (349) states that he has occasionally found small haemorrhages in 
the walls of cysts, and we have also observed blood corpuscles percolating 
through the granulosa of cysts (Cow 10). 

(g) Persistence of the corpus luteum. Only two cases have been seen 
in which sterility could be attributed to persistence of the corpus luteum. 

Cow No. 13 was obtained from a slaughterhouse, and its previous history traced. 
It was about 4 years old, and was sold in October because it was barren; it was put 
up to fatten, and killed in the following March. The ovaries (Plate XX, 3 and Table 
XXXII) contained a corpus luteum which was larger (2-7 cm.) than any found during 
the cycle or during pregnancy. A follicle of mature size (1-4 cm.) was also present 
in the ovaries; since in the normal cycle large follicles and corpora lutea of the 


largest size do not occur together it was concluded that this abnormality was the 
cause of sterility. 


Cow No. 29 was obtained from a slaughterhouse and was known to have been 
killed because she was sterile. The ovaries (Plate XX, 3) contained a corpus luteum of 
full size (2:0 cm.) together with a follicle which was considerably larger than the 
normal (1-8 cm.) (see Table XX XII). 


Herdsmen have informed me that some cows regularly go 4-5 weeks 
between their heat periods, and that such cases are difficult to get in calf. 

The general symptoms of persistent corpora lutea are long inter- 
oestral periods, 7.e. the corpus luteum persists as it does in pregnancy, 
and does not atrophy as usual after a life of three weeks. 

The cause of persistent corpora lutea Zschokke (350) states is due to 
several reasons; normally it is caused by the development of the foetus 
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in the uterus and pathologically he believes that it can be produced by 
retained after-birth and uterine infections. 

Bongardt (351) found that after contagious abortion cows are very 
liable not to come on heat for some time. Strodthoff(346) states that 
uterine infection must be well developed before the corpus luteum 
persists, but that after healing of the uterine mucosa, the persistent 
corpus luteum atrophies. Albrechtsen (120) too bases his treatment of 
persistent corpora lutea on washing out the uterus. Many of these cases 
are, however, open to another explanation (foetal atrophy, see (2) below). 

It appears to us uncertain whether infection of the uterus in itself 
causes the persistent corpora lutea, or whether a persistent corpus luteum 
intensifies the uterine infection. We have not been able by operations 
on the uterus of the rabbit to make the corpus luteum persist in the 
ovaries (see p. 126). 

Zschokke (350) also states that persistent corpora lutea are produced 
by the use of certain foods—rye, malt, brewers’ grains and sugar beet 
silage. He did not, however, obtain experimental evidence for this 
statement, but based it on experience in practice. It is known that these 
foods increase milk secretion, and two possibilities exist to account 
for the non-occurrence of heat in such cases: (1) that the increased 
milk secretion prevents the ripening of follicles as it does in lactating 
rabbits, and so gives rise to the same symptoms as persistent corpora 
lutea, 7.e. absence of heat periods; or (2) that these foods contain specific 
substances especially suitable for the nutrition both of the corpus luteum 
and of the mammary gland. 

Schmid (16) gives the weights of the ovaries and sizes of the corpora 
lutea of a number of cows in which heat had not occurred for some time 
(3-8 months). In the majority of cases the persistent corpora lutea were 
of much the same size as those of the cycle at the stage of maximum 
development; they were also identical in histological structure. Kalte- 
negger (186) describes the histological structure of a number of persistent 
corpora lutea in the cow; he states that he could observe no essential 
difference between it and the corpus luteum of pregnancy, or the cyclic 
corpus luteum at the stage of maximum development; the two former 
differ from the latter only in that degenerative changes in the luteal cells 
and overgrowth of connective tissue do not appear so soon. 

The treatment of cases of sterility due to persistent corpora lutea 
has been practised for some time with considerable success in Switzerland 
and elsewhere by Hess(41) and others. Hess gives a well-illustrated 
account of the operation of squeezing out the persistent corpora lutea 
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‘from the ovaries per rectum or per vaginam; he states that corpora 
lutea up to 5 months old can easily be squeezed out, but that after this 
time it is more difficult as the corpus luteum tends to sink into the 
centre of the ovary. 

He states that in 50 per cent. of cases the cows come on heat again 
on the evening of the 3rd or morning of the 4th day after the operation; 
in 20 per cent. heat occurs from the 4th—l0th day after the operation, 
and in 10 per cent. between 10 and 28 days afterwards; he found that 
95 per cent. became pregnant at the first heat period if served. Schu- 
mann (352) was also successful with this operation, only 8 out of 70 cases 
treated failing to come on heat. 

Hess (41) also describes hypertrophied although not Sane corpora 
lutea after infection with granular vaginitis and states that in these cases 
the heat periods are often abnormally long, but they occur regularly. 
Reinhardt (34) states that the hypertrophied corpora lutea can be caused 
to atrophy by the use of drugs—Pulv. Myrrhae or Copaiva balsam and 
Ol. Terebinth. 

Numerous cases of corpora lutea cysts have been described by 
Fitch 849) and others; but, although some of these may have been patho- 
logical, we are inclined to believe that the majority represent a normal 
early stage in the formation of the corpus luteum (see p. 39). Both 
Fraenkel (L.) (853) and Fraenkel (K.) (854) have described luteal cysts in 
women, and the former states that three types can be found, with the 
inner layer (1) of luteal tissue, (2) of connective tissue and (3) of con- 
nective tissue lined by epi- or endothelium. It appears to us probable 
that the first is a normal stage in the formation of the corpus luteum, 
in which the follicular cavity is re-distended with fluid, and that the 
other two are later stages of the same condition, in which for some 
reason the connective tissue growth in the centre of the corpus luteum 
has taken place without associated blood vessels to carry off the fluids 
collected. We have sometimes seen small spaces in the central con- 
nective tissue plug of the corpus luteum, and similar cases have been 
described by Schmid (16), Kiipfer (89), Delestre (100) and others in corpora 
lutea which could not have been in an early stage of development. 

Although cystic corpora lutea have been described by many in- 
vestigators, it has not been shown that they are associated with sterility 
or any derangement of the cycle or of pregnancy. 

(h) The occurrence of ovarian cysts. The most frequent pathological 
condition of the ovary was found to be due to the presence of follicular 
cysts. We agree with Simon(l09), who examined a large number of 
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pathological ovaries, and found that in the majority of cases small 
multiple cysts were present, and that in a few cases large single cysts 
occurred. The following is a list of the cases we have examined: 


Cow No. 10 was obtained from a slaughterhouse and the previous history traced. 
She calved last on 10. iii. 19 and came on heat on 4. ix. 19, when she was served 
but failed to conceive. She subsequently came on heat on 22. ix. 19, 15..x. 19 and 
afterwards every fortnight; although frequently served she never became pregnant, 
and so was put up to fatten and was killed in the following March. The ovaries (Plate 
XX, 3) showed a large follicular cyst, 3-1 cm. in diameter (Table XXXII), nearly 
three times the size of an ordinary ripe follicle. This contained liquor folliculi of 
fairly thick consistency, and sections showed that the granulosa was intact and 
normal, and that the theca interna had fairly numerous blood vessels; a number of 
red blood corpuscles had penetrated the granulosa in certain parts, and were lying 
between the granulosa and liquor folliculi (Plate XX XIII, 1). 


Cow No. 28 was the property of a neighbouring farmer, and produced her first 
calf in September 1917; she did not calve again until October 1919, but by the end 
of November 1919 she became dry, and from this time until April 1920, when she 
was killed, she came on heat regularly, and was frequently served by the bull, but 
never became pregnant. Her ovaries (Plate XX, 3) showed a number of cystic follicles, 
the largest (Table X X XII) being 2:0 cm. in diameter, much larger than the normal 
ripe follicle; many other cysts about the size of a normal mature follicle were present 
(1-4, 1-3, 1-2 and 1-1 cm. in diameter). No corpora lutea were seen in the ovaries, and 
although she had come on heat, she had not ovulated for some considerable time. 

Histological preparations showed that the largest cyst was without a granulosa 
layer, its wall being lined by the connective tissue of the theca (Plate XX XIII, 2). 
The other smaller cysts, however, had quite normal granulosa layers. 


Another pedigree cow came on heat regularly for over a year, but did not 
conceive, although served by the bull several times. When killed, both ovaries 
showed multiple follicular cysts, similar to those described in Cow 28; no corpora 
lutea were present in either ovary; and although she had come on heat, she had 
evidently not ovulated for some considerable time. 


The cause of sterility in these cases can be attributed to the fact 
(as shown by the absence of corpora lutea and presence of cysts) that 
ovulation did not occur, although the animals came on heat. The ripe 
follicles, instead of rupturing after heat, appeared to go on developing 
until a large size was reached (Cow No. 10) or, more frequently, they 
remained about the size of a normal ripe follicle, and others in turn 
developed, but did not rupture. Similar cases have been described by 
Pugh (55) and Lothe (356). 

It is presumed that the maturation of each follicle was associated 
with a heat period, but no definite times of heat have been obtained by 
direct observation of animals with cystic ovaries. From these cases it 
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would appear that heat (desire for coitus) depended ultimately on 
the maturation of the follicle. , 

Since in cows with cystic ovaries no corpora lutea are formed to 
regulate the growth of the follicles, it frequently happens that the 
ripening of the follicles proceeds unchecked, and the animal becomes a 
nymphomaniac, coming on heat continuously or at very short intervals 
(like a rabbit in the breeding season). The symptoms of nymphomania, 
besides constant “bulling,” are swelling of the vulva, a high tail head 
and sinking of the pelvic ligaments (Hess (41)). Oppermann (239) gives an 
illustration of the external genitals of a cow with an ovarian cyst which 
shows a swollen vulva and sinking of the pelvic ligaments, changes very 
similar to those which occur just before calving, and which have been 
described by Fuhrimann (250). 

Since either one large or many small cysts are usually formed, it 
would appear that a large cyst by its growth utilises the nutriments 
required for the growth of follicles, and prevents their development just 
as the corpus luteum does. If the cystic follicle, however, does not 
increase much in size, development of other follicles will take place, and 
multiple small cysts are formed. It is known that in a certain small 
percentage of cases of cows with cystic ovaries, heat does not occur at 
all. Schumann (352) states that in cows with cystic ovaries 70 per cent. 
are nymphomaniac and 30 per cent. are without heat periods. Whether 
absence of heat occurs in all cases of the formation of single large cysts 
and nymphomania in the cases of multiple small cysts, is not certain; 
but would appear probable. In the case of Cow No. 10 above, where a 
large cyst was present, she had unfortunately not been tried with the 
bull for some time before killing, as she had been put up to fatten. The 
following case is, probably, one which could be explained on this hypo- 
thesis : 

A pedigree Shorthorn cow which had not been seen on heat for nearly two years 
was found by rectal examination to have a large cyst in the left ovary. This was 


punctured from the rectum, and the fluids withdrawn by a covered needle cyst 
syringe. She came on heat again about 14 days afterwards. 


Pearl and Surface (167) have described a case of small multiple cysts 
in the ovaries of a cow in which no corpora lutea were present in the 
ovaries; they concluded that the symptoms exhibited by the cow in 
jumping othersimplied an assumption of secondary male characters, but 
this we believe is also a symptom of nymphomania. 

With cases of multiple small cysts in the ovary, it is often a difficult 
matter to decide which are cysts and which normal follicles. Rubell 
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(quoted by Fitch) states that in the cow any follicle over 1-5 cm. in 
diameter is cystic, for no ova could be found in them. Fitch (349) found 
in the cow many cysts, not exceeding 1:0 cm. in diameter, and has 
observed them up to 15-0 cm. diameter; he states that the contents are 
usually a colourless watery fluid. In our experience the contents of the 
smaller cysts are very similar to those of the follicles; but sometimes are 
rather yellow in colour. Hinrichs (357) has observed the yellow colour to 
be marked in ovarian cysts in mares, and it 1s not unlikely that, as the 
granulosa persists, lutein may be passed into the liquor folliculi instead — 
of to the ovum. Hess (41) has given an analysis of the contents of a large 
cyst (about 100 gm.) which was of yellow colour—water 93-28 per cent., 
proteins 5-49 and ether extract 0-02 per cent. 

Fitch (849) states that the outer wall of the cyst is of connective tissue, 
and the inner surface is composed of several layers of small round or 
slightly oval cells which vary in thickness in different places (granulosa ?). 

In our specimens the very large cyst (Cow 10) had a normal, although 
thin, granulosa layer, but one of the many cysts in Cow 28 had no 
granulosa, although the layer was present in the other cysts of this ovary. 

There can be no doubt that these were true cysts, in Cow 10 because 
of the size and in Cow 28 because of the number, and in each case no 
corpora lutea were to be found in the ovaries, although heat had occurred. 
The presence of a normal granulosa layer in cysts is surprising, and would 
seem to indicate that the cause of failure of the follicle to rupture does 
not rest in this layer. Since in Cow 10 red blood corpuscles had pene- 
trated into the cavity of the cyst, it is presumed that an unsuccessful 
attempt to rupture had been made, but had been prevented either by 
fibrosis of the theca or by thickening of the tunica albuginea. In fowls, 
where the follicle has a stigmen or line of rupture, multilocular cysts 
may be formed in the ovaries, and Laurie (358) has described cases where 
bleeding occurred into the cyst cavity. 

It has been shown (p. 129) that in follicular degeneration, which is 
always attended by decrease in size, the granulosa is the first layer to 
break up; it is not unlikely that if the granulosa remains intact when 
the follicle fails to rupture, further increase instead of decrease in size 
takes place. Eventually, no doubt, the granulosa degenerates and dis- 
appears, and in Cow 28 the cyst without granulosa was probably of long 
standing, while those more recently formed still contained a granulosa 
layer. Bland Sutton (23) has described the appearance of granulosa in 
the early stages of cyst formation, but it disappeared in the late stages 
in the ovaries of women. 
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Albrechtsen (120) states that cysts rarely form in the ovaries shortly 
after calving, and do not occur until after the time when the first heat 
period would have been due. Corner (266) has described several cysts in 
sow’s ovaries, in which the granulosa had begun to form luteal tissue. 
Meyer (359) has figured a human ovarian cyst in which the appearance 
was very similar to that of Cow No. 10, but he states that in places small 
luteal cells were being formed, as a result of the extravasation of blood 
through the granulosa. Cohn(360) has figured the walls of cysts in 
women’s ovaries which show that granulosa cells are present in the early 
stages but not in the late stages. 

Burghardt (361), who gives a summary of the literature, found that 
in mares’ ovaries multiple small cyst degeneration was common; in 
small cysts he found degenerating granulosa cells, but in the large ones 
only theca interna. It is well known that the mare’s ovary frequently 
becomes very overgrown with connective tissue, due to the irregularity 
with which they are bred from, and it may be that this connective tissue 
growth tends to inhibit free ovulation. 

Simon (109) found that the walls of cows’ follicular cysts were generally 
0-6-1:0 mm. thick and that granulosa cells were present, but they were 
larger than in normal follicles. He could find no thickening of the albu- 
ginea in these cases, but says that sclerotic tissue is formed in the follicle 
wall itself from the ovarian stroma, and that this prevents rupture. 
Zschokke (350) concluded that the absence of the corpus luteum may lead 
to cyst formation by the absence of the necessary congestion stimulus 
for ovulation; so that the accidental formation of one cyst leads to the 
formation of others from ripening follicles, which do not receive the 
stimulus for ovulation from a degenerating corpus luteum (but see 
Dei f), 

Zschokke states that ovarian cysts may occasionally be formed also 
from Pfliiger’s tubes, or by colloid degeneration of the cells of the ovary, 
but these are not common, and rarely cause nymphomania. 

A probable reason why ovulation is prevented and cyst formation 
occurs is shown by the case of the experimental cow A 3: 


Cow A 3. This cow had regular heat periods from January to May. At 9.30 a.m. 
on May 16th a corpus luteum 6 days old was squeezed out of the left ovary, and 
the cow came on heat again at 2 p.m. on May 18th. Six days after, on May 24th, 
she was killed, and the ovaries (Plate III, 3) showed that, instead of ovulating at the 
last heat period, the ripe follicle, which had formed in the left ovary, had persisted, 
and formed a cyst 1-75 cm. in diameter; another follicle had almost reached mature 
size (1-3 cm.) (see Table XX XIII). 
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The reason why normal ovulation did not take place in this case 
was believed to be the presence of scar tissue on the surface of the ovary 
in close proximity to the ripening follicle (Plate XX XIII, 3), the granulosa 
of which was quite normal. That this failure to ovulate does not always 
occur after the corpus luteum has been squeezed out is shown in the case 
of Cow A 5 (but see p. 23). 

On the basis of this case it is believed that the prevention of ovula- 
tion and formation of cysts may occur as the result of any inflammation 
(of perhaps only temporary duration) on the surface or depths of the 
ovary which leads to the growth of tough connective tissue. Such in- 
flammation would be especially liable to occur after cases of contagious 
abortion, delayed cleansing, metritis, or acute indigestion; all of which 
are liable to cause an inflamed condition of the peritoneum in the 
vicinity of the ovary, and many of which have been known for some 
time to be associated with cases of sterility. Stazzi(362) states that after 
granular vaginitis, metritis is frequent, and either nymphomania or 
suppression of oestrus frequently occurs. Peters (363) found that sterility 
was frequent after contagious abortion, and that the ovaries were often 
infected with bacteria. Macomber (343) found that in women a multiple 
small cystic state of the ovaries is usually associated with a thickening 
of the tunica albuginea, and that chronic congestion of the ovaries 
usually inhibits ovulation. 

The treatment of ovarian cysts in the cow is described by Hess (41), 
who gives illustrations showing how they may be ruptured by pressure 
with the hand per rectum or per vaginam, or their fluids may be with- 
drawn by a covered needle syringe. Hess found that rupture is more 
successful in recent than in long-standing cases where the whole ovary 
may have become cystic. In cases where a temporary inflammation has 
subsided, there is more hope of recovery than where inflammation and 
infection still exists, and the latter may have to be treated POV eR times 
before a cure is effected. 

The removal of both ovaries has been practised largely in mares 
which are nymphomaniac and have ovarian cysts (Hobday (364)), but 
this in the cow would prevent further breeding; although it is said that 
if the operation is performed when the cow is in full milk, the flow is 
maintained for a long period (see Hobday (364) and Reisinger (365). 

It may be found useful in cows, where only one ovary is cystic, to 
remove it, leaving the other intact; the presence of corpora lutea or 
cysts in one ovary has a regulating action over the other ovary, and if 
the diseased one is removed, it would allow the other to function 
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normally. Peters (363) found in 74 sterile cows that were slaughtered 42 
had only one ovary diseased, while 32 had both ovaries affected. 

(0) foetal atrophy. Cases of sterility are known to occur where the 
cow is served by a bull and then, after showing no sign of heat for 
several months, suddenly comes on heat again, although no abortion 
has been seen. Such cases are frequent after outbreaks of contagious 
abortion (see Williams (285)) or granular vaginitis, and are believed by 
some to be due to persistent corpora lutea, or to unobserved abortion; 
it is more probable, however, that in these cases foetal atrophy has 
taken place, and absorption am situ has occurred (see p. 137). 

Death of the foetus can also occur in the absence of any infection . 
(279). | 

Foetal atrophy in animals producing several young at birth only 
causes reduced fertility; but in the cow sterility is the result, and the 
presence of the atrophic foetus is not realised, because it is absorbed 
instead of being aborted. A case where an atrophic cow foetus was 
aborted has been given by Hammond (279). Two cases of foetal atrophy 
in one foetus of a twin pregnancy in the cow have been reported by 
Kiipfer (89). Sterility in these cases did not occur, for the normal foetus 
remaining stimulated the corpus luteum, so that pregnancy was con- 
tinued. Albrechtsen (120) states that in several cases he has observed 
degenerate foetal tissues on irrigating the uterus of sterile cows. Hess (41) 
states that in cases of mummified retained foetuses, he has obtained 
expulsion by squeezing out the corpus luteum, when the uterus con- 
tracts, the cervix dilates, and the uterine contents are expelled. In the 
cow, the squeezing out of the corpus luteum is a simple method of 
causing artificial abortion. 

The comparative incidence of the causes of sterility. Zschokke (350) 
classifies the causes of sterility in the cow as follows: 

(1) When heat is absent—due to 
(a) General causes—feeding, heavy lactation, general diseases, etc. 
(6) Special causes—freemartins, inbreeding, persistent corpora lutea, 
tuberculosis, etc. 
(2) When heat is feeble—due to heavy milking, disease, keeping shut 
up, malnutrition, etc. 
(3) When heat occurs but conception does not follow—due to 
(a) When heat regular—mechanical hindrances, disturbed state 
after heat (young heifers), full blooded animals straining after 
service, acidity of vagina, diseases of uterus, etc. 
(6) Heat too frequent—nymphomania, diseases of ovary, cysts. 
H 13 
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(4) When the animal becomes pregnant, but the foetus perishes, due to— 
abnormal development of foetus, abortion and other infections, bad 
feeding, etc. 

We have questioned herdsmen in order to find out the most frequent 
causes of sterility, and their replies (see Appendix I (3)) show that a 
very small percentage of cases can be attributed to the absence of heat 
periods (¢.e. persistent corpora lutea or unsuitable conditions for ripening 
of the follicle); the majority of sterile cows in this country come on heat 
but do not conceive after service, and these would be included in 
Zschokke’s classes (3) and (4). 

Albrechtsen (120) gives the following incidence of cases of sterility: 
without oestrus 328, with oestrus 313; he found that in about 1000 cases 
of sterility treated, only 15 per cent. had cystic ovaries, but that a large 
proportion of these were nymphomaniac; the majority of cases of 
sterility he believes are due to uterine infection. 

Investigators are divided in opinion as to whether most cases of 
sterility are caused by uterine infection, or to ovarian disease. 

Scheidegger (366) believes with Albrechtsen that infection of the 
uterus and cervix are the main causes of sterility, and treats them by 
washing out; he found the following distribution of cases: 

Inflammation of vagina 40, cervix 45, ovaries 45, uterus 44, and 
Fallopian tubes 27. 

Posselt (367) also gives frequencies of the different causes of sterility 
in the cow which show that uterine infection (76) is the chief cause, 
while ovarian cysts (47) and persistent corpora lutea (43) are very 
frequent, and that atrophy of the ovary (12), growths in the cervix 
(11) and abnormal vaginal secretions (9) are moderately common 
causes. 

On the other hand, Hess (41) says that the ovaries are the most fre- 
quent seat of sterility, and that cystic degeneration is much more 
frequent than persistent corpora lutea. He states that 70-80 per cent. 
of cases can be cured by treating the ovaries. Poulsen (see (120)) also 
believes that the ovaries are the most common origin of sterility in cows 
and more especially persistent corpora lutea. 

Schumann (352), who studied the frequency of cases of sterility after 
outbreaks of granular vaginitis, found the following distribution of 
causes—hypertrophied corpora lutea 63, persistent corpora lutea 60, 
ovarian cysts 28, uterine and cervical catarrh 51, pyometra 3, various 16. 
Wilson (242), in examining cases of sterility after infections with granular 
vaginitis in Essex, found that in 55 per cent. of the animals the ovaries 
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were affected; he states that the granular lesions in the vagina did not 
in themselves affect conception to any appreciable extent. 

Many investigators state that frequently two or more possible causes 
coexist and which is the primary and which the secondary cause they 
are unable to determine. Stalfors(314), who treated a number of cases 


of sterility in cows, found the following incidence: 


With cysts and 
With With persistent persistent 


ovarian corpora corpora 
Alone cysts lutea lutea 
Uterine catarrh 10 12 29 36 
Persistent corpora lutea 92 54 — — 


Ovarian cysts 53 — = = 


He states that he was able to cure 72 per cent. of the cows with 
persistent corpora lutea and 67 per cent. of those with cysts and quotes 
many cases to show that the ovum which was fertilised in these cases 
came from the ovary which had been treated. 


13-2 


SUMMARY. 


A study of the changes in the reproductive organs of the cow before 
puberty, during the oestrous cycle and during pregnancy has been made 
by weighing and observing the parts. 

Statistics show that the breeding season extends throughout the year. 

The age of puberty and other facts have been ascertained from 
herdsmen. 

The signs of oestrus are described. 

Variations in the length of the oestrous cycle and the duration of 
oestrus have been studied by the use of a vasectomised bull and the 
duration of these processes has been timed to within an accuracy of 
about 2 hours in a number of different animals. 

On the whole it was found that the cycle length and duration of 
oestrus were correlated. 

The length of the cycle and the duration of oestrus were greater in 
the summer than in the winter and longer in thin than in fat animals; 
individual differences also affected its length. The effect of age was 
only sight and drugs (yohimbine, camphor), the proximity of the male, 
and whether coitus occurred or not, had no influence on the length of 
the cycle. 

Removal of the corpus luteum from the ovary performed six days 
after the previous heat period results in the return of heat within two 
days, 2.e. an oestrous cycle of 200 hours instead of a normal one of 450 
hours. The duration of the corpus luteum therefore controls the length 
of the oestrous cycle. 

Not only does the removal of the corpus luteum shorten the length 
of the cycle but it also shortens the length of the subsequent heat period, 
v.e. after the operation a heat period of 11 hours ensues instead of a 
normal oestrus of 21 hours. This fact is of fundamental importance as 
regards the cause of oestrus. 

The time relation between oestrus, ovulation and menstruation have 
been determined, the beginning of oestrus being taken as the starting 
point. Ovulation occurs some time between 30 and 48 hours after the 
beginning of heat and bleeding from the vulva takes place in most heifers 
but in few cows 48 to 72 hours after the beginning of heat. 

The differences in time relation between oestrus, ovulation and men- 
struation in the cow, the bitch and in woman are not in accordance with 
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the theory that the ripening of the Graafian follicle is the direct cause 
of menstruation. 

Measurements of the sizes of the follicles and corpora lutea show 
that the active corpus luteum prevents the ripening of the follicle and it 
is suggested that this is not caused by the internal secretion of the corpus 
luteum but by the fact that the corpus luteum probably utilises a sub- 
stance, existing only in small quantities in the blood, which is necessary 
for the growth of the follicle. 

The early stages of the corpus luteum contain large amounts of liquor 
folliculi in their centre and, as this disappears with the organisation of 
the capillaries, it 1s suggested that its formation supplies the internal 
secretion of the corpus luteum and that the lipoid which accumulates 
within the luteal cells as a result of the shedding of the ovum (to which 
it is normally transferred in the follicle) eventually results in their death. 

The changes occurring in the uterus during the cycle are described; 
it is considered that the cyclic changes are similar in kind but less in 
degree than those which occur during pseudo-pregnancy (in the rabbit) 
and pregnancy. 

Marked changes in the cervix occur during the cycle; large quantities 
of fluid mucus are secreted at oestrus but during the remainder of the 
cycle only a little thick tenacious mucus is present. During pregnancy 
a large accumulation of thick sticky mucus forms a cervical seal which 
flows away just before parturition in a similar way to the flow which 
occurs at oestrus. 

There is a marked cycle of changes in the vagina, the structure of 
which varies in different regions. In heifers the bulk of the bleeding 
after oestrus 1s derived from the vaginal mucosa. The appearance of 
vaginal smears at different stages of the cycle is shown. 

The anatomy and histology of the udder is described and also the 
changes which it undergoes in foetal and post-natal life. 

The methods of diagnosing pregnancy are discussed. 

During pregnancy the corpus luteum remains large and apparently 
active up to the 8th month, the latest stage examined; follicular atrophy 
is described. 

Weights have been taken and growth curves plotted of the different 
parts of the pregnant uterus and its contents; up to the 5th month the 
foetal fluids have the greatest rate of growth but after this time the 
foetus itself has the greatest growth rate and the amount of fluids 
remains constant or declines. The relation of these facts to the cause 
of birth, abortion or foetal absorption is discussed. 


198 Reproduction in Cattle 


Amniotic pustules increase in size up to the 5th month of pregnancy 
and then begin to atrophy. 

The relation of the foregoing facts to the changes occurring in the 
mammary glands is discussed, for during pregnancy marked changes 
(growth of alveoli) in the structure of the mammary gland and in the 
nature of its secretions occur at the 5th month. 

Since bleeding occurs just after fertile service but not later in preg- 
nancy and the attachment of the foetal membranes does not occur until 
after 30 days from impregnation (the cycle is only 19 days) it is doubtful 
whether the cyclic bleeding can be a preparation for the attachment of 
the membranes. 

The changes in the muscles and glands of the uterus during pregnancy 
are described. No myometrial gland was found. 

The formation of the placenta was found to be caused by the phago- 
cytic action of the foetal membranes causing proliferation of the sub- 
epithelial connective tissue layer of the uterus which is highly developed 
in the cotyledons. Occasional attachment to the intercotyledonary area 
also occurs by this means but is usually prevented by the flow of uterine 
milk from the intercotyledonary glands. 

The uterine epithelium of the cotyledon is destroyed by the foetal 
tissues before attachment is made; the walls of the crypts are not lined 
by uterine epithelium. 

The formation of pigment and hippomanes from red blood corpuscles 
and uterine milk respectively in the foetal membranes is shown. 

The appearance of the foetus at different ages is described and 
weights and lengths are given. 

Various causes of sterility have been investigated and discussed. 
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APPENDIX IT. 


Extracts from Logbook. Observations made on a herfer during a 


Date 
Nov. 14 


Nov. 15 


Nov. 16 


Nov. 17 


Nov. 18 


heat pervod. 
Heifer P 7. 
Time . Observations 
4 a.m. String of fluid mucus from vulva 
12 noon Fluid mucus from vulva 
4 p.m. 05 9 
6 5. Long string of fluid mucus from vulva 
S Mucus from vulva 
10_,, Mucus from vulva. Bull attempted to serve her but she moved 
away 
12 midn. Fluid mucus from vulva 
2 a.m. Fluid mucus from vulva 
4 oe) 29 29 
6 ., Playing with bull, mucus from vulva 
s—,, Bull tried to jump her but she kept moving away 
fOr Jumped by heifer P 6 but would not stand to bull when he 
tried to serve her 
12 noon Bull served her almost at once, string of clear mucus from 
vulva after service 
4 p.m. Bull made several attempts before he served her. Arching 
back and straining 
O45 After some delay bull served her. Mucus with tinge of blood 
in it came away after service 
SF, Arching back and straining. Bull made several attempts but 
did not quite manage to serve her 
10-3 Bull served her at once. Yellowish mucus from vulva 
12 midn. Arching back and straining after service, blood and mucus 
came away from vulva 
2 a.m. Arching back and straining. Bull attempted to serve her 
are Bull served her after two or three attempts. Jumped bull. 
Arched back and straining 
6 -~% Bull made several feeble attempts to serve her but she moved 
away. Little fluid from nipples 
are Bull smelling her but did not attempt to jump her 
10. 6 Bull took no notice of her 
12 noon Bull took no notice of her, yellowish mucus from vulva 
4 p.m. String of yellowish mucus from vulva 
6 and 8 p.m. ie oe 
10 p.m. String of blood-stained mucus from vulva. [This sponged away 
so that fresh flow seen] 
12 midn. Blood-stained mucus from vulva. [This sponged away so that 
fresh flow seen] 
2 a.m. Blood-stained mucus from vulva. [This sponged away so that 
fresh flow seen] 
4 ,, A little blood-stained mucus from vulva. [This sponged away 
so that fresh flow seen] 
6 29 29 9 29 ” 99 9? 
S A few drops of blood-stained mucus from vulva. [This sponged 
away so that fresh flow seen } 
10> 5 No mucus or blood 
12 noon 
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Date 
June 28 


June 29 


June 30 


Time 


12 midn. 


2 a.m. 
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Hewfer C 6. 


Observations 
Playing with bull, vulva moist 


Bull smelling her 

Playing with bull 

Jumped bull. Bull made many attempts to serve her but she 
kept moving away. Little mucus from vulva 

Jumped bull. Bull served her at first attempt. String of clear 
mucus from vulva after service 

Bull made several attempts before he served her. Only a few 
drops of mucus from yulva after service 

Bull served her at first attempt 

Bull served her at once. Arching back and straining. Thick 
whitish yellow mucus from vulva 

Bull served her at once 

Thick yellowish white mucus from vulva after service 


Arched back and straining after service 

Bull not quite so keen, made several attempts to serve her. 
Arching back and straining. Thick yellowish mucus 

Bull made few attempts to serve her, but she moved away. 
Yellowish white mucus from vulva ) 

Bull made several attempts to serve her but she would not 
stand 

Bull did not attempt to serve her 


Thick yellow mucous discharge from vulva 


Blood and mucus from vulva 
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ADDENDUM 


Skellett (368) in a book published in 1807 noted in the cow the cervical 
seal and a mucous layer lining the amnion which became fluid about 
the 6th—7th month of pregnancy. Williams (369) has given a good des- 
cription of many of the changes occurring in the reproductive organs of 
the cow in their relation to pathology. While his explanations in the 
main agree with those given above we believe that some which are 
described as pathological may be treated rather as physiological, for 
example the cystic stage of the corpus luteum, the occurrence of lym- 
phatic nodules in the vagina, and the apical necrosis of the foetal sac 
with surrounding endometritis; the latter is probably due to the non- 
vascularisation of the ends and the accumulation of deposits of uterine 
milk which is not absorbed in this area. 

In a series of papers Murphey, McNutt, Zupp and Aitkin (370-375) 
have described many of the changes occurring during the reproductive 
cycle in the cow which are in the main in agreement with those described 
above; their chart showing the size changes in the follicle and corpus 
luteum during the ovarian cycle corresponds very closely with our own. 
They also give many illustrations of the histological structure of the 
reproductive organs in the cow; the time of ovulation is given as 30-65 
hours after the onset of heat and they state that they have used with — 
success injections of oestral hormone for the cure of sterility. Staheli (376) 
also claims to have obtained successful results in the treatment of sterility 
in praesenile cows by the transplantation of ovaries, while Williams and 
Williams (377) state that good results have been obtained by treating 
nymphomaniac cows (ovarian cysts) with injections of adrenal and 
pituitary extract; they state that the condition is most frequently found 
in high milking cows which are well fed. Haigh, Moulton and Trow- 
bridge (378) mention that heifers subject to a low plane of nutrition failed 
to come on heat promptly. Arrested development of the Miillerian ducts 
in cattle associated with inbreeding has been described by Fincher and 
Williams (379). Data on the occurrence of identical twins in cattle have 
been published by Gowen (380), while Cole and Rodolfo(s1) find the 
relative frequency of twins is greatest In cows calving from July to 
September. Bascom (382) could find no interstitial cells in the cow’s ovary 
until the follicles began to undergo atrisia. A chemical investigation of 
the mucin of the cow’s cervix in the cycle and during pregnancy has 
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been published by Woodman and Hammond (383). A description of the 
reproductive organs and udder of the cow in relation to pathology has 
been published by Frei (384); he states that the maximum hypertrophy of 
the uterine mucosa occurs at the 12th day after the beginning of heat 
and believes that an hypertrophy of the uterine mucosa is associated 
with the persistence of the corpus luteum; illustrations of the amniotic 
pustules are given and he states that not only do 75 per cent. of heifers 
and 50 per cent. of cows bleed in the uterus at heat but that bleeding 
may also occur in the uterus during the last week of pregnancy. 

As to the cause of heat Allen, Doisy e¢ al. (385) state that they have 
separated an extract from the follicle which when injected will produce 
the symptoms of heat and that the hormone is not species specific. 
Courrier (386) and Dr 8. A. Asdell have also obtained similar results. 
Loeb (387) is of the opinion that while the internal secretions of the 
follicle act on the vagina as well as to a limited extent on the uterus 
those of the corpus luteum act on the uterus and mammary gland but 
not on the vagina. Corner (388) found in monkeys that while ovulation 
usually occurs in a definite relation to menstruation, 2.e. 12-14 days 
before the next menstrual flow, the latter can also occur at times without 
ovulation. Watrin (389) from a study of the cycle in woman finds that 
removal of the corpus luteum causes menstruation 24—48 hours after- 
wards, while Seitz and Wintz(390) have shown that the application of 
X-rays which destroys the follicle but not the corpus luteum results in 
the absence of the next menstrual flow if it is applied shortly after 
menstruation, z.e. during the follicular phase, but if it is applied during 
the end of the cycle, 2.e. during the luteal phase one more menstrual flow 
occurs. This suggests that the menstrual flow is a pseudo-pregnant 
rather than a pro-oestral effect. Parkes (391) however finds that in mice 
the symptoms of heat may occur regularly after the follicular system 
has been destroyed by X-rays. 

The histological structure of the cow’s teat has been described by 
Kamm (392) while biometrical studies of the escutcheon have been made 
by Brun (393) and Donnet (394). Asdell (895) has described the changes in 
amount and composition of the fluids from the udders of heifers and 
goats during the “upcurve” of lactation in the first pregnancy; he con- 
siders that the globulin is produced when the gland cell changes from 
the growth to the secretory phase of its life. Drummond-Robinson and 
Asdell (396) find that if, in goats pregnant for the first time, the corpus 
luteum is removed (with abortion as a result) before the thick secretion 
appears, no milk is produced, while if it is removed after the thick secre- 
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tion appears milk is produced. Wester (397) states that in pregnant cows 
removal of the ovary containing the corpus luteum leaving the other 
intact results in death of the foetus. 

The growth changes in the pregnant uterus are referred to by 
Knaus (398) who found that the effect of injections of pituitary extract 
into pregnant rabbits varied according to the stage of pregnancy at 
which they were made; no effect was produced by injections up to about 
the 18th day of pregnancy, while between this time and about the 
28th day the foetuses were killed and abortion occurred a few days later, 
but injections made from this time to the end (32nd day) of pregnancy 
resulted in immediate birth of the litter. The pituitary secretion as a 
probable factor in parturition had previously been suggested by Dixon 
and Marshall (99). Experimental evidence of the occurrence of intra- 
uterine migration of the ovum in pigs has been published by Warwick (400). 
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Abortion, and irrigation, 114; and removal 
of corpus luteum, 120, 127; and persist- 
ence of corpus luteum, 126; and foetal 
fluids, 136; time of, 137, 138; membranes 
after, 153, 154; and cervical seal, 166; 
milk after, 170; pituitary and, 217 

Adventitious cotyledons, formation of, 155 
et seq. 

Afterbirth, retention of, 153, 154 

Age, and service period, 7; of puberty, 7, 8; 
and cycle, 11; and oestrus, 19; and size 
of follicle and corpus luteum, 47; and 
weight of ovary, 47; and number of 
follicles, 48; and weight of uterus, 51; 
and vaginal bleeding, 57; and nipples, 
64; and weight of udder, 66, 67; and 
changes in vagina, 94, 96; and position 
of uterus, 114; estimation of in foetus, 
1338, 156 et seq. 

Allantois, at birth, 164 

Alternating action, of ovaries, 48, 49 

Alveoli, formation of, 172-4 

Amnion, at birth, 164 

Amniotic pustules, occurrence of, 
histology of, 162, 163, 216 

Antitoxins, in colostrum, 170 

Artificial insemination, and cervix, 54 

Atrophic follicles, and sterility, 183, 184 

Attachment, and uterine bleeding, 88; time 
of, 125, 145, 146; to cotyledons, 134, 160; 
method of, 148, 149 

Ayrshires, age of puberty, 8; shape of udder, 
61; size of nipple, 64 
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Bartholin’s glands, cysts of, 98 

Bats, ovulation in, 24; corpus luteum of, 
80; interstitial cells of, 84 

Birds, cycle of, 17 

Birth weight, nutrition and, 133, 134 

Bison, foetal fluids in crosses of, 136 

Bitch, length of interval in, 17; length of 
heat in, 19; artificial rupture of follicle 
in, 23; menstruation and ovulation in, 
26, 51, 167; pseudo-pregnancy in, 27; 
cervix of, 55; yolk in, 83; uterine glands 
in, 90; mammary growth in, 111; dura- 
tion of pregnancy in, 118; uterine changes 
in, 140; uterine epithelium in, 152; 
deciduomata in, 154 

Bleeding, from vulva after oestrus, 30, 31, 
51, 57; into cavity of corpus luteum, 35, 
39; from uterus, 50, 51; in vagina, 56, 
95, 96, 97; into follicle, 77, 78, 129; on 
cotyledon, 88; during service, 96; after 
fertile service, 146, 167; in pregnant coty- 
ledon, 149, 150; into cyst, 189 

Body temperature, at oestrus, 31; before 
parturition, 120 


SUBJECTS 


Breed differences, in age of puberty, 8; in 
length of cycle, 9; in twin pregnancies, 
41; in size of corpus luteum, 45; in vaginal 
bleeding, 57; in shape of udder, 61; in 
nipple size, 64 

Breeding season, 5 et seq. 

Bull, vasectomised, 3, 4; presence of on 
cycle, 13; presence of on oestrus, 20; 
supernumerary nipples in, 60 

Bulldog calves, in Dexters, 136 


Calving distribution, 5 

Camphor, and length of cycle, 13 

Carrotine, and luteal pigments, 38 

Cat, Bartholin’s glands in, 98; uterine 
changes in, 140 

Cervix, stimulation of, 14; anatomy of in 
cycle, 54 et seq.; mucin formation in, 
54, 55, 86; histology of in cycle, 92 et seq. ; 
position in pregnancy, 115; during preg- 
nancy, 116, 164 et seq.; after parturition, 
166; and sterility, 180, 181, 182 

Clitoris, structure of, 56, 98 

Coitus, see Service 

Colostrum, formation of, 169, 170, 174 

Conception, optimum time of year for, 7 

Corpus luteum, method of removal, 15; 
removal on cycle, 15 et seq.; and growth 
of follicle, 16; hypertrophy of, 22, 186; 
and generative ferment, 17, 45; removal 
on oestrus, 21 et seq.; fertility after re- 
moval, 23; internal secretion of, 26, 40, 80, 
81; formation of, 35 et seq., 83; atrophy 
of, 35 et seq., 79, 80; colour of, 37, 38, 
121; bleeding into cavity, 39; central 
cavity, 39, 40; central plug, 40; shape of, 
41, 121; growth curve of, 43; age and 
size of, 45; breed and size of, 45; size of, 
47, 123; and alternating action of ovaries, 
49; and growth of mammary gland, 68, 
110, 177, 178; histology of in cycle, 78 
et seq.; development of, 78, 79; injections 
of, 81; and follicular atrophy, 82, 128; 
interstitial cells from, 83; and uterine 
glands, 90, 91; removal in pregnancy, 
112, 127; duration in pregnancy, 119; 
structure in pregnancy, 121 et seq.; per- 
sistence of, 184, 185 

Corpus rubrum, formation of, 37 

Cotyledons, congestion of in cycle, 49, 50, 
51; involution of, 53, 92; size of, 53; 
number of, 53, 147; histology of in cycle, 
87, 88; attachment to, 134; structure of, 
141; in pregnancy, 147 et seq.; stimulus 
for growth of, 147, 152; crypts of, 148; 
histology of in pregnancy, 149; adventi- 
tious, 155 et seq. 

Cysts of Bartholin’s glands, 98 
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Cysts of corpora lutea, 39 

Cysts of follicles, after removal of corpora 
lutea, 24; and thickening of albuginea, 
35; and rupture without corpora lutea 
formation, 83; and sacro-sciatic ligaments, 
120; and uterine irrigations, 182 

Cysts of Gartner's canals, 98 


Dasyurus, mammary glands in, 68, 178 

Deciduomata, formation of, 126 

Desire for coitus, causes of, 24 

Devons, length of cycle in, 9; vaginal 
bleeding in, 57 

Dexters, bulldog calves in, 136, 137 

Diagnosis, of pregnancy, 113 et seq.; of 
sterility, 193 


Escutcheon, and milk yield, 65, 66; studies 
of, 216 

Ewe, ovulation in, 20, 21; length of oestrus 
and cycle, 21, 22; pigment in uterus, 51; 
supernumerary teats in, 60; mucin in 
cervix, 94, 165; attachment in, 125, 146, 
148; glycogen in uterus, 144; uterine 
epithelium, 152 


Fallopian tube, structure of, 54; secretions 
of, 87; in pregnancy, 136 

Fatness, and length of cycle, 11, 12; and 
length of oestrus, 19 

Ferret, follicles in, 17; length of oestrus, 20, 
23; size of follicles, 24, 41; corpus luteum, 
40; granulosa cells, 82, 83 

Fertility, in woman, 25, 26 

Fleckvieh, supernumerary teats in, 60 

Foetal atrophy, and removal of corpus 


luteum, 127; occurrence of, 137, 138; . 


and sterility, 193 

Foetal fluids, increase of, 134, 135; in twin 
pregnancies, 136; in Bison crosses, 136; 
appearance of, 161, 162 

Foetal membranes, growth of, 134; destruc- 
tion of epithelium by, 145; attachment 
of, 146, 148, 149; separation of, 153, 154; 
appearance of, 158, 159; necrosis at ends 
of, 159, 215 

Foetus, movements of, 113; position of, 
115, 164; and corpus luteum, 126; weight 
of, 131, 133; age of, 133, 158, 159; distri- 
bution in uterus, 160, 217 

Follicle, effect of corpus luteum on, 16; and 
generative ferment, 17, 45; internal se- 
cretion of, 26; blood vessels in, 35; 
rupture of, 35; growth of, 41 et seq.; 
size of, 42, 47; position in ovary, 48; 
number of, 48; ovary in which ripens, 
48; histology of, 76, 77; bleeding into, 77; 
during pregnancy, 128; sterility and, 182 

Follicular atrophy, from underfeeding, 12; 
and corpus luteum, 45, 82; in pregnancy, 
128, 129 

Fowls, cleavage lines in follicle, 35; yellow 
pigment in, 38; mucin in egg of, 94 
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Freemartin, udder of, 67, 108, 109; occur- 
rence of, 159, 160; and sterility, 182 

Friesians, age of puberty, 8; cycle in, 9; 
twins in, 41; vaginal bleeding in, 57; 
supernumerary teats in, 60; shape of 
udder, 61; size of nipple, 64; position of 
uterus, 114 


Gartner's canals, mucin in, 86; histology of, 
97, 98; cysts of, 98; in pregnancy, 168 
Generative ferment, and growth of follicle, 
17, 45 

Gestation, see Pregnancy 

Globulin, in mammary gland, 169, 170, 174 

Glycogen, in uterus, 144 

Goat, lactation before pregnancy, 71, 72; 
lactation following abortion, 216 

Graafian follicle, see Follicle 

Granular vaginitis, and hypertrophy of the 
corpus luteum, 22; and lymph nodules, 
96, 166; and persistence of corpus 
luteum, 126 

Granulosa cells, and liquor folliculi, 40; and 
corpus luteum, 78, 79, 83; and follicular 
degeneration, 129; in follicular cysts, 189 

Growth curves, of corpus luteum and follicle, 
43; of uterine contents in pregnancy, 131 
et seq.; of udder in pregnancy, 168, 169 

Guernseys, age of puberty, 8; vaginal 
bleeding, 57 

Guinea-pig, cycle length, 11, 12, 15; corpus 
luteum and oestrus, 16, 23; menstruation 
in, 28; follicle growth, 45; vagina, 55, 
87, 97, 99; mammary growth, 72, 110, 
176, 177; ovulation, 78; injection of 
extracts, 82; interstitial cells, 85; per- 
sistence of corpus luteum, 126; follicular 
atrophy, 128; decidual formation, 154; 
vagina in pregnancy, 166 


Hairs, and foetal age, 156, 158 
Heat, see Oestrus 

Hippomanes, occurrence of, 161 
Hungarian cows, pregnancy in, 118 
Hymen, persistence of, 56 


Individuality, in length of cycle, 12; in 
length of oestrus, 20; in mammary secre- 
tion, 68, 69 

Intercotyledonary area, histology of, 87; in 
cycle, 89, 90, 91; in pregnancy, 140 et 
seq.; accessory cotyledons in, 156 

Interstitial cells of ovary, and oestrus, 28; 
and ovulation, 78; origin of, 83,84, 85, 215 

Interstitial cells of testis, and vasectomy, 4 

Involution, of uterus, 52, 53; of uterine 
glands, 91 


Jerseys, age of puberty, 8; cycle length, 9; 
twins in, 41; corpus luteum of, 45; shape 
of udder, 61; nipple size, 64 


Lactation, and uterus, 52; up-curve of, 170, 
216 
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Inpochrome, in ovaries, 19; in corpora lutea, 
37, 38 

Inpoids, in ovaries, 19; in corpora lutea, 
38, 79 et seq.; in placenta, 126, 153 

Liquor folliculi, and corpus luteum, 40, 81; 
and follicle, 77; injection of, 81 

Lobules of mammary gland, formation of, 
37174 

Luteal cells, in cycle, 78 et seq.; regression 
of, 82; origin of, 83 

Luteal cysts, and sterility, 186 

Lutein, formation of, 126; in cysts, 189 


Mammary ducts, in pregnancy, 172 

Mammary gland, anatomy, 59 et seq.; 
supernumerary teats, 59, 60; fore and 
hind quarters, 60, 61; shape, 61; milk 
cistern, 61, 62; milk ducts, 62; tissues in, 
63; nipple structure, 63, 64; method of 
preparation, 66; weight, 66, 67; connec- 
tive tissue, in 67; and corpus luteum, 68; 
during cycle, 68, 69, 109, 110; secretions 
of virgin, 71; foetal development, 105, 
107, 108; histology of, 108; at puberty, 
109; during lactation, 111; secretions in 
pregnancy, 116; at parturition, 120; and 
foetal fluids, 135, 136; in pregnancy, 
168 et seq.; causes of growth, 176, 177 

Mare, cycle and oestrus, 21; lactation in, 
72; cervix, 94; duration of pregnancy, 118; 
abortion, 127; foetus, 133; pregnant 
uterus, 141; attachment, 156; allantois, 
163; parturition, 164; artificial insemina- 
tion, 180; cysts, 189, 190 

Menstruation, in woman, 25; 
Bleeding 

Milk, from fore and hind quaters, 61; 
holding up, 62; and pituitary extract, 
63; secretion of, 63, 175; before preg- 
nancy, 72 

Milking, and oestrus, 21; quick, 63; changes 
in nipple, 64 

Milk bud, formation of, 105, 107, 108 

Milk cistern, capacity, 61; structure, 62; 
formation, 105; in pregnancy, 172 

Milk ducts, entering cistern, 62; formation, 
107 

Milk fever, and veins of udder, 65 

Milk line, formation, 105 

Milk pressure, and udder shape, 61; and 
milk cistern, 62; and skin elasticity, 68 

Milk veins, course of, 64 

Milk yield, at oestrus, 31; in pregnancy, 
170; before parturition, 175 

Monkeys, menstruation and ovulation, 26, 
216; cervix, 55; uterus, 152 

Mouse, foetus, 133; mammary gland, 176; 
oestrus, 216 

Mucin, at oestrus, 29; in cervix during 
cycle, 54, 55, 93; in vagina during cycle, 
59, 95; distribution of, 85 et seq.; in 
cervix during pregnancy, 164, 165; in 
vagina during pregnancy, 166 
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Mucus, in uterus, 50; in foetal fluids, 162, 
163 

Myometrial gland, in pregnancy, 134, 139, 
140; and mammary gland, 176 


Niederungs breed, foetal weight, 133; foetal 
age, 156 

Nipple, supernumerary, 59, 60; structure 
and size, 63, 64; stricht-canal, 63; con- 
strictions in, 64; during milking, 64; age 
changes, 64; formation of, 105, 108; 
fluids from in pregnancy, 169; before 
parturition, 172; histology of, 216 

Nutrition, and service period, 7; and age of 
puberty, 7; and fertility, 82; and folli- 
cular atrophy, 128; and foetal weight, 133 

Nymphomania, and rhythm, 16; nipple in, 
63, 64; and sacro-sciatic ligaments, 120; 
symptoms of, 188; treatment of, 215 


Oestrous cycle, rhythm, 9 et seq.; length, 9; 
time of year, 11; age, 11; fatness, 11, 12; 
individuality, 12, 13; drugs, 13; and male, 
13; and service, 14; side of ovulation, 14; 
removal of corpus luteum, 15; and length 
of oestrus, 22; ovarian weight, 45, 46; 
cervix, 54 et seq.; vagina, 56 et seq.; 
bleeding, 58, 167; mammary glands, 68, 
69, 109; theca interna, 77; comparison 
with pregnancy, 90, 145, 146; separation 
of, 167, 168 

Oestrus, test of, 3; after parturition, 6, 123; 

e age at first, 7; duration of, 18 et seq.; 
time of year, 19; age, 19, 31; fatness, 19; 
individuality, 20; yohimbine, 20; and 
male, 20; and service, 20; side of ovula- 
tion, 21; milking, 21; removal of corpus 
luteum, 21 et seq., 186; and length of 
cycle, 22; causes of, 23, 24; and time of 
ovulation, 23, 34, 181; and interstitial 
cells, 28; signs of, 29 et seq.; cervix, 54; 
in pregnancy, 112; and sterility, 179, 180, 
181; absence of, 183; hormone of, 216 

Os, see Cervix 

Ovarian cysts, and rhythm, 16; and sterility, 
186 et seq.; causes, 192; treatment, 192 

Ovarian stroma, increase of, 47 

Ovariotomy, and sterility, 192; and foetal 
death, 217 

Ovary, during cycle, 32 et seq.; blood- 
vessels in, 35; weight before puberty, 42, 
43; weight during cycle, 45, 46; weight 
with age, 47; alternating action of, 48; 
weight of right and left, 48; and uterus, 
52; and mammary secretion, 72; histo- 
logy, 76 et seq.; stroma, 85; diagnosis of 
pregnancy by, 114; during pregnancy, 
121 et seq.; weight in pregnancy, 123, 
125; greater activity of right, 160 

Ovulation, after service, 14, 20; side of, 21; 
time of, 23, 34, 215; spontaneous, 34; 
with hyperaemia, 35; prevention of, 35, 
45; causes of, 77, 78; and sterility, 181 
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Ovum, degeneration of, 129; migration of, 
160 


Parturition, oestrus after, 6, 15, 123; uterus 
after, 53; cervix during, 55, 165; symp- 
toms of, 119 et seq.; corpus luteum after, 
123; factors in, 136; foetal membranes 
after, 153, 154; presentation at, 164; 
cervix after, 166; and pituitary, 217 

Pelvic ligaments, see Sacro-sciatic ligaments 

Penis, in coitus, 54 

Persistent corpora lutea, removal of, 16, 17; 
and rhythm, 16; causes of, 126; and 
sterility, 184, 185 

Pigment, in uterus, 51; in cotyledons, 88; 
in pregnancy, 149, 150 

Placenta, causes of formation, 154, 155 

Pregnancy, and rhythm, 16; comparison 
with cycle, 90, 120; description of, 112 
et seq.; diagnosis of, 113 et seq.; duration 
of, 118 et seq.; ovaries, 121 et seq.; ovary 
weights, 125; follicular atrophy, 128; 
uterus, 130 et seq., 136, 138 et seq.; 
foetal fluids, 134, 135; uterine glands, 
141, 142, 143; cotyledons, 147 et seq.; 
cervix, 164 et seq.; vagina, 166; vaginal 
secretions, 167; mammary glands, 168 
et seq. 

Pro-oestrum, absence of, 29 

Pseudo-pregnancy, and pregnancy, 120 

Puberty, age of, 7, 8; follicle, 42; ovary, 
43, 45; uterus, 52; uterine glands, 92; 
mammary ducts, 172 : 


Rabbit, age of puberty, 8; ovulation, 14; 
absence of rhythm, 16, 17, 20; hyster- 
ectomy, 24; removal of corpus luteum, 
28, 127; corpus luteum, 40; corpusluteum 
in pregnancy, 41, 122; uterus, 59, 140; 
mammary gland, 68, 110, 176, 177, 178; 
bleeding into follicle, 77; injection of 
extracts, 81, 155; interstitial cells, 84; 
deciduomata, 89, 154; uterine glands, 90; 
pseudo-pregnancy, 120; persistence of 
corpus luteum, 126; follicular atrophy, 
128, 129; foetal growth, 133; myometrial 
gland, 134, 139; foetal absorption, 137, 
138; attachment, 154; migration of ovum, 
160; cervix, 165; pituitary on pregnancy, 
217 

Rat, cycle, 14; corpus luteum extracts, 16; 
corpus luteum, 27, 28, 40, 126; uterus, 
50; mammary gland, 72, 110; ovulation, 
78; interstitial cells, 84, 85; vaginal cycle, 
97 99 

Ratios, ovarian weights in pregnancy, 125; 
parts of pregnant uterus, 136 et seq. 

Red Polls, nipple size, 64 

Rhythm, of oestrus, 16 


Sacro-sciatic ligaments, at parturition, 120; 
and nymphomania, 120, 188 
Service, and cycle, 14; and oestrus, 20; 


225 


contractions after, 30; straining after, 
31; and bleeding, 59, 96 

Service periods, and time of year, 5; and 
nutrition, 7; and age, 7 

Sex ratio, and oestrus, 35 

Shorthorns, in experiments, 2; corpus 
luteum, 45; position of uterus, 114; 
foetal growth, 158 

Simmentals, uterus weight, 51; duration of 
pregnancy, 118; atrophic follicles, 129 

Sow, corpus luteum, 16, 41, 80, 123, 125; 
cycle and oestrus, 21; follicle, 45; ovula- 
tion, 78; cervix, 94, 165; foetal weight, 
133; attachment, 145, 146; migration of 
ovum, 160, 217; mammary pigment, 176 


Spermatozoa, in vasectomy, 4; and cervix, 


94; life of, 119 

Steppe cattle, age of puberty, 8; atrophic 
follicles, 129 

Sterility, and cystic corpora lutea, 39, 40; 
account of, 179 et seq.; diagnosis of, 
193, 194; frequency of, 194 

Stigma, of follicle, 35 

Stratum vasculosum, of uterus, 140 

Strichi-canal, muscle in, 63, 64; formation 
of, 105, 108 

Suckling, oestrus during, 15 

Supernumerary nipples, position of, 59; 
frequency of, 60; in bulls, 60 


Teats, see Nipple 

Testes, in vasectomy, 4 

Theca externa, structure, 76 

Theca wnterna, structure, 
ovulation, 79, 83 

Theca luteal cells, structure, 76, 77; in 
corpus luteum, 83; in stroma, 84 

Time of year, conceptions during, 5; of 
calving, 5; and puberty, 8; and cycle, 11; 
and oestrus, 19; and duration of preg- 
nancy, 118 

Trophoblast, in crypts, 141, 149; functions, 
151, 152, 156 

Tuberculosis, and cycle, 11; and follicle, 
17 

Tunica albuginea, and ovulation, 35 

Twin pregnancies, frequency, 41, 215; 
corpora lutea in, 41, 127; foetal fluids in, 
136, 137 


76, T7; after 


Udder, see Mammary gland 

Under-nutrition, and cycle, 12, 17; and 
ovaries, 82; and oestrus, 215 

Uterine artery, in pregnancy, 116 

Uterine bleeding, causes, 28 

Uterine epithelium, in pregnancy, 151, 152, 
156 

Uterine glands, at oestrus, 50; mucin in, 
86; distribution, 87; in the cycle, 89, 90, 
91; involution of, 91, 143; before puberty, 
92; in pregnancy, 140 et seq. 

Uterine milk, in pregnancy, 140 et seq.; 
and cotyledons, 149, 151 
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Uterine muscle, in pregnancy, 138, 139 

Uterus, anatomy in cycle, 49 et seq.; weight 
51, 52; involution, 52, 53; histology in 
cycle, 87 et seq.; position of pregnant, 
113; irrigation of pregnant, 114; diag- 
nosis of pregnant, 114, 115; weight in 
pregnancy, 130 et seq.; histology in 
pregnancy, 138 et seq.; development of, 
140; unequal size of horns, 52, 161; 
pathology of and sterility, 181 


Vagina, anatomy in cycle, 56 et seq.; mucin 
in, 86; histology in cycle, 94 et seq.; 
age changes, 94, 96; in pregnancy, 116, 
166; before parturition, 167 

Vaginal discharges, blood in, 56; breed 
differences, 57; age differences, 57; in 
cycle, 99 et seq.; in pregnancy, 116, 
167 


Reproduction in Cattle 


Vulva, bleeding from, 5, 57; at oestrus, 30; 
at parturition, 120 


Whartonian jelly, in pregnancy, 144 

Wild cattle, calving season, 5 

Woman, conceptions in, 5; menstrual 
rhythm, 11, 216; removal of corpus 
luteum, 16, 25; cycle, 16; ovulation, 25, 
77; comparison of cycle with cow, 27; 
cystic corpora lutea, 39; reproductive 
life, 48; cervix, 55, 94; milk secretion, 
72; interstitial cells, 85; Gartner’s canals, 
98; mammary gland, 108; duration of 
pregnancy, 119; corpus luteum of preg- 
nancy, 122; menstruation and pregnancy, 
146, 167; ovarian cysts, 190 


Yohimbine, and cycle, 13; and oestrus, 20 
Yolk, composition, 82 
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